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Patricia N.N. Young

American Samoa Program Manager :

Office of Pacific Islands and Native American Programs
U.S. Environmental Protection Agency

75 Hawthorne Street (E-4)

San Francisco, California 94105

Dear Pat:

Subject: Joint Cannéry Outfall Dye Study: Final Report for the Non-
Tradewind Season Dye Study and Study Plan for the Tradewind
Season Dye Study ,

Enclosed are three copies of the final dye study report for the first (non-tradewind
season) dye study. The dye study results confirm the expected and predicted
diffuser performance and the initial dilution criteria on which the mixing zone was
based. Compliance with water quality standards, for a particular level of diffuser
performance, was based on predictions made using our wastefield transport model.
Final confirmation of compliance with water quality standards throughout the har-
bor will be based on water quality monitoring results being conducted by ASEPA.
The wastefield transport model predictions will be subject to verification, based on
these monitoring results, after the second dye study is completed and monitoring
data are available.

The original (non-tradewind season) dye study plan is attached as an addendum to
the dye study report. This letter serves to Present revisions to the first (non-
tradewind season) dye study plan for the second (tradewind season) dye study.
The proposed revisions are:

(1]  The dilutions measured during the fist dye study were higher than anticipat-
ed. The plumes from the diffuser were very difficult to track more than
about 200 meters from the diffuser. Therefore, only a few measurements of
dilution at the mixing zone boundary were made. Most attempts to mea-
sure dye at the mixing zone boundary resulted in no detectable dye concen-
trations (corresponding to dilutions of > 25,000:1). The second dye study
will concentrate on finding and measuring the plume at distances near the
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mixing zone boundary (we will still measure dye concentrations at the
diffuser and throughout the mixing zone). We will inject dye at a higher
initial concentration to aid in tracking the plume through the mixing zone.

We propose to reschedule the study from late August/early September until
late September/early October. This time is still within the tradewind season
and will meet the seasonal objectives and the permit requirements.

Additional minor modifications include: collection of background density
(CTD) profiles before, during, and after the dye study will be done (DO will
also be measured concurrently with temperature, salinity, and depth); more
detailed wind data collection will be done during the dye study period; and,
if feasible, better estimates of flow rates from the StarKist surge tank will be
attempted. '

All other elements of the original dye study plan remain as previously presented.
Please review our original study plan and the proposed changes and provide any
comments or questions prior to the second dye study. Responses to comments on
the original dye study plan are incorporated into that plan as attached to the en-
closed dye study report. A few comments were received after the original plan was
approved. For your convenience and files we have provided a separate response to
those comments. The additional responses are attached to this letter.

If you have any questions or comments please call me at your convenience. I have
sent the same information to Sheila Wiegman of ASEPA.

Sincerely,

CH2M HILL

ST

Steven L. Costa
Project Manager

enclosure:  three copies of non-tradewind (February 1993) dye study report with

original dye study plan as an addendum

attachment: response to John McConnaughey comments

CC:

Norman Wei, StarKist Seafood Co.
James Cox, Van Camp Seafood Co.



MEMORANDUM | CHMHILL

TO: File

COPIES: Pat Young/USEPA
Sheila Wiegman/ASEPA
Norman Wei/StarKist Seafood

James Cox/Van Camp Seafood
David Wilson/CH2M HILL/SEA

FROM: Steve Costa/CH2M HILL/SFO
DATE: 16 August 1993

SUBJECT: Response to John McConnaughey Comments on the Joint Cannery
Outfall Non-Tradewind Season Dye Study Plan

PROJECT: PDX30702.DY.R1

This memorandum provides responses to comments by John McConnaughey of the
Department of Marine and Wildlife Resources, American Samoa Government, on the
Joint Cannery Outfall Dye Study Plan. These comments were receved after the
response to comments on the draft study plan had been prepared and sent to USEPA
and ASEPA and a formal response to these comments was not prepared prior to
conducting the dye study. However, CH2M HILL reviewed and incorporated, where
appropriate, Mr. McConnaughey’s comments and concerns. A copy of the comments is
attached to this memorandum.

Detection and decomposition of dye. The dye does not measurably degrade over the
time scales involved in the dye study. The pre- and post-study calibration of the
fluorometer include effects of dye decomposition and/or quenching over the time of the
study.

Fate of organic materials. The dye is injected into the effluent stream at the plant.
The dye will show the behavior and general characteristics of the plume. A measurable
difference in the various components of the effluent would be detected in the profiles
of dye concentrations. However, over the initial trajectory of the plume the any fine
material is expected to remain associated with the plume. Also see the responses to
the following comments for further discussion.

Fate of cannery effluent. The dye study is intended to demonstrate diffuser operation
and overall plume behavior (i.e. dilution, trapping depth, size, and transport direction)
within the mixing zone. The sediment monitoring, wastefield transport model, and reef
survey studies, required by the Joint Cannery Outfall NPDES permits in addition to the
dye study, are intended to monitor harbor wide and long term effects of the discharge.
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Impacts of flocculent and orgamic material on DO and light penetration. The
relocation of the outfall to deep water in the outer harbor, and the design of a
multiport high rate diffuser, was done to keep the plume submerged, to increase
dilution, and to decrease harborwide nutrient concentrations. The effluent plume is
expected to trap (as verified by the results of the dye study) well below the surface. In
addition the canneries are segregating high strength waste and disposing of it in a
permitted ocean disposal area, thus reducing nutrient and BOD levels in the remaining
effluent. High strength waste segregation and the relocation of the outfall are expected
to eliminate impacts on light penetration and reduce BOD and nutrient concentrations
to acceptable levels. The dye studies, water quality monitoring, model simulations, and
eutrophication study are permit conditions imposed to determine if the anticipated
results are as expected (results of the first dye study indicate the plume is behaving as
“anticipated).

Condition of the coral reefs. The overall conditions of the harbor waters are expected
to improve because of high strength waste segregation and outfall relocation as
described above. A coral reef survey study is being done as required by the Joint
Cannery Outfall NPDES permits.

Residence time of cannery effluent. The dye study is designed to investigate the
behavior of the plume within the mixing zone to determine if the diffuser location and
design are having the anticipated effects on the discharge. The calculation of harbor
wide concentrations and residence times will be done using the water quality
monitoring data and the wastefield simulation model in separate studies.

Direction of plume movement. The dye study will determine the direction of plume
movement, within the mixing zone, at the time the study is done. Dye studies will be
done during both of the oceanographic seasons (tradewind and non-tradewind). Plume
movement, in the vicinity of the diffuser, will therefore be described under the range of
conditions expected in Pago Pago Harbor.
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ATTACHMENT

Memorandum from John McConnaughey
to Sheila Wiegman

Dated 15 January 1993

Comments on Joint Cannery Outfall
Dye Study Plan

(2 pages)
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DEPARTMENT OF MARINE & WILDLIFE RESOURCES

AMERICAN SAMOA QOVERNMENT w0
.G, BOX 3730
PAGQO PAGO, AMERICAN SAMOA ga7gs

EL; ( 684°) 633-4466
FAX: (684 ) 633-6944

A P, LUTALI RAY TULAFONO
Govarnor Dlractor
TAUESE P. F. SUNIA PHILIP LANGFORD

Lt, Governot Deaputy Director

January 15, 1883 N

FROM:  John McConnaughsy
Flsheries Biologist
TO: Sheila Wiegman, ASEPA
Norman Wei, StarKist Samoa Inc
Jim Cox, VCS Samoa Packing Company

SUBJECT: Comments on Jolnt Cannery Outfall Dye Study Plan.

| have just reviewed the “Joint Cannary Outfall Dye Study Plan® which was forwarded to
out departrmant for commants.

[ am not vary familiar with the methodologles used to conduct such outfall plumb studies,
so [ will not comment on those technical isgues. | do have two questions concetning
mathodology:

1) As the dye (Rhodamine WT) is blodegradable, how long after the dye ls
subjected to environment is It stlil detectable? Do the analytical techniques
used Include a correction factor to aceount for the dacomposition of the dye
over time? .

2)  Wae are mostly concernad with the fate of the organic materialg present In
the waste plume. Do the flocculent materials and organic sollds in the
waste plume behave the same as the aquecus portion of the plume? Wil
the dye accurately show the movements of these materials?

My major concern for thig study is to document the fate of the cannery efffuent plume.
Does it stay rasident in the outer harbor waters for a period of time, or is quickly flushad
out of the harbor regions? Or worse, do currents carty It back into the inder harbor
reglons?

Pago Pago harbor suffers from serious pollution problems, and attempts to eliminate all



sourcas of waste water entering the harbor need to be taken. The patential problems
assoclated with cannety outfall waste Is that it adds large amounts of flocculent materiel,
and organic {thaterial to the waters in the harbor. This Increases the biclogical oxygen
demand on the gystem, reduces light for photosynthesis.

The coral reefs in the outer harbor area have beén observed to be covered with a fine
sediment materials at all times at denths greater than about 15 feet. Most corals appear
dead, and very little new recruitment has been observed. Live corals In the Inner harbor
areas are virtually non-existent.
| foel that the main questions we would be Interested In answerlng'wﬁh this study are:
1) Resldént time of the cannery waste plume.
2)  Direction of movements.
| would like to discuss with you the datails of the fleld sampling times and locations, and

I possible to Joln you on a couple trips. Please call me any time so we can discuss this
further.

co: Ray Tulafono, Director DMWR
Peter Cralg, Chief Bioclogist DMWR
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November 25, 1992 PACIFIC ECOSYSTEMS BRANCH
TELEPHONE: (503) 867-4040

MEMORANDUM

SUBJECT: Review of Draft Dye Study Plan for Tuna Cannery NPDES

Permits e;f//
FROM: Walter E. Frick &:§9%;ﬁﬁa\;ii /Vbclf,

Physical & Chemical Processes Tean
F 12/a/9:
TOs Janet Hashim ’&/H
Region IX

I have participated in two separate dye studies and know
that Steve Costa is himself familiar with dye studies. Based on
this experience and my readings of the draft dye study, I find
the plan basically acceptable.

However, all parties should be aware of the limitations and
pitfalls of dye study work. I think the study team should be
able to locate and sample the plume in the nearfield, as
described on page 7, though even this task can be difficult and
time consuming. The method of then using drogues to follow the
water parcel to make subsequent measurements is a fairly standard
technique. Short of intensive and extensive monitoring
throughout a large area, I do not know of a better way to track
the plume.

Given, however, that the nearfield monitoring accurately
depicts plume concentrations, most likely this measurement
program will tend to overestimate the subsequent dilution
achieved. I can think of three reasons to support this
conclusion: 1) The depth of the water varies significantly in
the vicinity of the diffuser. Because the water column in which
the initial dye measurement is made will stretch as it moves into
deeper water, the depth of the plume maximum will maintain its
relative position, therefore sinking to a greater depth. Thus
measurements at drogue depth will no longer represent the plume
maximum. 2) The same effect may be accompanied by vertical
current shear so that the location of the plume maximum will also
be uncertain. 3) Internal wave motion might change the depth
and location of the plume. Finally, if the drogue moves into
shallower water there is always the danger of getting caught on
the bottom.



Of course, attempts can be made to counteract this problem
by taking excursions from the drogue location in the effort to
find the local maximum. 8ince knowledge of what direction is
perpendicular to the plume centerline will be uncertain, this
technique will also suffer uncertainties. However, the existence
and importance of the mixing zone makes other locations less
relevant. My recommendation is that as much profiling be done
along this boundary as possible, using the drogue crossover point
as a guide for concentrating the measurement effort.

In addition to the dye study, I examined the Technical
Memorandum “Site-specific Zone of HMixing Determihation for the
Joint Cannery Outfall Project, Pago Pago Harbor, American Samoa."
Assuming the density profiles are representative of the

_conditions of concern, my own limited modeling resulted in

initial) similar} dilution predictions. I have no knowledge about
density gradients in tropical waters but do not find what is
called a "stronger gradient" on page 12 very strong compared to
gradients elsewhere in coastal and estuarine water. The
conductivity and temperature measurement program proposed for the
dye study should be used to help ameliorate this concern.

The modeling presented in the mixing zone determination
study only establishes overall dilutions. It does not factor in
the background concentration to establish effective dilution or
concentrations based on the interaction of the discharge with
existing polluted ambient water. The new EPA guidance on plume
modeling "Dilution models for effluent discharges" (Baumgartner,
Frick, Roberts, and Fox, 1992) makes such estimates possible.
The water quality measurements for Pago Pago Harbor in recent
years indicate that water quality standards are exceeded and are
occasionally high enough so that, even when they are not
exceeded, the presence of a source may cause exceedances near the
mixing zone.

The dye program should also help establish whether flow
patterns in Pago Pago Harbor are as anticipated in the dye study
plan: inflow at the surface and outflow at depth. This is
different from the pattern in many estuaries in which outflow
generally occurs near the surface.

I hope that the contractor will address these concerns
further in forthcoming analyses of the dye studies.

cc: David Young
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MEMORANDUM

SUBJECT: Request for Review of Draft Dye Study Plan for
Tuna Cannery NPDES Permits

TC: Harvey Holm
Chief, Pacific Ecosystems Brmnch, ERL-N

i N e -
FROM: Janet Hashimo aml';T,Q\QéOQbumﬁ'T
Chief, Marine{ Pr taﬁgi%n Section
AN s

We have been asked by the Office of Pacific Islands and
Native American Programs to review the enclosed draft Dye Study
Plan for the joint tuna cannery outfall located in Pago Pago
Harbor, american Samoa. The purpose of the proposed dyve study is
to collect the necessary data to provide direct evidence of plume
behavior and to verify predictions of dilution and dispersion of
the wastefield. We reguest vyour permission to have Walter Frick
assist us in this review because of his expertise in the field.

Also enclosed for Walt’'s reference, is a copy of the
"Supporting Documentation for the Joint Cannery Outfall Zone of
Mixing Application." The deadline for response has beepextended
until November 23, 1992.

If you have any guestions, please call me at £15/744-1156 or
David Stuart at 415/744-1168.

cc: David Young
Walter Frick

Printed on Recycled Paper
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Dyke Coleman, Chairman

American Samoa Environmental Quality Commission
American Samoa Government

Pago Pago, American Samoa 96799

Subject: Supporting Documentation for the Joint Cannery Outfall Zone of Mixing Application

Dear Mr. Coleman:

Enclosed is a Technical Memorandum "SITE-SPECIFIC ZONE OF MIXING DETERMINATION FOR THE JOINT
CANNERY OQUTFALL PROJECT, PAGO PAGO HARBOR, AMERICAN SAMOA" which is intended as an attach-

ment to the application for a zone of mixing in Pago Pago Harbor for the proposed Joint Cannery Qutfall. The
application was sent to you on August 8, 1991.

The main points of the overall technical approach are given in the Feasibility Study referred to in the zone of mixing
application. The Technical Memorandum extends this work to a specific location. During the course of outfall de-
sign there were changes in the exact location of the diffuser, the discharge depth, the exact diffuser port dimensions,
and the discharge angle which required some minor recalculations and additional model simulations to complete the
Technical Memorandum and to maintain consistency between all of the project documents. We submitted the main
body of the application without this Technical memorandum attachment in order to facilitate rapid review of the
project.

We have been coordinating the permitting activities for this project with Sheila Wiegman of your office. A short
project description was attached to the application. Detailed engineering drawings of the outfall were prepared by
Makai Ocean Engineering an are provided in the Draft Environmental Impact Assessment (DELA) prepared for this
project. Copies of the DEIA were sent to your office in early August.

Copies of the application for the zone of mixing and this Technical Memorandum have been forwarded to Norman
Lovelace of the USEPA. If you or your staff need any additional information please call me at your convenience. If
[ am not at my desk you can leave a message on my voice mail at (415) 652-8149 extension 2251.

Sincerely,

CH2M HILL

"z

Steven L. Costa

Project Manager

Enclosure

cc: Sheila Wiegman/ASEPA
Norman Lovelace/USEPA
Pat Young/USEPA
Norman Wei/StarKist Seafood
James Cox/Van Camp Seafood

CH2M HitL San Francisco Office 6425 Christie Avenue, Suite 500 415.652.2426
Emeryville, CA 94608 Fox 415.652.0482



e ——

TECHNICAL MEMORANDUM CHMHI

TO: File

COPIES: Dyke Coleman/ASEQC
Sheila Wiegman/ASEPA
Norman Lovelace/USEPA : -
Pat Young/USEPA
Norman Wel/StarKist Seafood
James Cox/Van Camp Seafood

FROM: Steve Costa/CH2M HILL/SFO

DATE: August 26 1991

S8UBJECT: SITE-SPECIFIC ZONE OF MIXING DETERMINATION FOR
©  THE JOINT CANNERY OUTFALL PROJECT:
PAGO PAGO HARBOR; AMERICAN SAMOA

PROJECT: PDX30702.PA.MZ

PURPOSE

StarKist Samoa and Samoa Packing Company discharge treated waste-
water from tuna cannery operations into the -inner part of Pago
Pago Harbor. The canneries are proposing to replace the existing
outfalls with a single, jointly operated, outfall extending into
the outer portion of the harbor. However, a zone of mixing will
be required since water gquality standards can not be met at the
point of discharge. The purpose of this memorandum is to provide
technical documentation for the zone of mixing application for the
joint cannery outfall. )

The development of the technical approach and preliminary analyses
were done for the Engineering and Environmental Feasibility Eval-
uation of Waste Disposal Alternatives (CH2M HILL 1991) which will
be referred to as the Feasibility Study below. This technical
memorandum follows the methodology developed during the Feasibili-
ty Study and addresses additional information and model results
for the discharge location and diffuser configuration selected
during final design. The dimensions and location of the zone of

mixing are substantially the same as described in the Feasibility
Study report.

APPROACH AND BCOPE

The approach used in developing the final configuration of the
zone of mixing includes the following elements:

(11 Review and summarize the effluent characteristics of
both canneries and determine the anticipated range of varia-

tion of the characteristics of concern for defining the zone
of mixing.
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[2] Develop and recommended final diffuser configuration
based on: the preliminary analysis done for the Feasibility
Study, the effluent characteristics, and the location, depth,
and other constraints imposed by the final outfall design.
The final outfall design was conducted by Makai Ocean Engi-
neering, Inc. The selection of final diffuser configuration
was an iterative process involving predicted diffuser perfor--
mance, engineering design considerations, and environmental
criteria.

[3] Predict initial dilution of the final diffuser configu-
ration for the range of effluent and receiving water condi-
tions anticipated.

[4] Predict the ambient concentrations of total phosphorus
(TP) and total nitrogen (TN) throughout the harbor based on
TN and TP loadings of the cannery effluent.

[5]  Use the effluent concentrations, the initial dilution
predlctlons for the final design, and the predicted ambient
" concentrations to predict the required size and geometry of
the zone of mixing.

A more complete description of the approach and the models used is
provided in the Feasibility Study and the Appendices to the
Feasibility Study. The scope of this technical memorandum
involves an extension of the modeling, analysis, and predictions
done for the Feasibility Study.

EFFLUENT CHARACTERISTICS

The effluent characteristics of primary concern in defining the
dimensions ‘of the zone of mixing are the effluent flow rates, ef-
fluent density, and the concentrations and loadings of TN and TP.
The establishment of a zone of mixing for TN and TP will be suffi-
cient to provide for other water quality characteristics such as
temperature. The effluent characteristics used to develop the
necessary zone of mixing geometry are based on the time period
after high strength waste,,gg‘gggtlon W rted (August 1990).
The flow, concentratlon, and load ng ata used below are represen-
tative of times of product processing.

EFFLUENT DISCHARGE RATES

Discharge rates used in the zone of mixing analysis were based on
flows recorded during the twice weekly sampling conducted by the
canneries. The period of record for StarKist Samoa (SKS) was from
August 8, 1990 through May 13, 1991, and for Samoa Packing Co.

-2 =
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(sPC) from August 6, 1990 through March 27, 1991. Cumulative fre-
quency distributions were constructed for these records and are
presented in Table 1. The median flows were 1.83 million gallons
per day (mgd) for SKS and 0.56 mgd for SPC. The average flows for
SKS and SPC, for the period of record, were 1.78 and 0.58 mgd,

respectively. The anticipated future flow maximum for SKS and SPC
combined is estimated to be 4.8 mgd.

FREQUENCY DISTRIBUTIOI:II‘aObFleEFlFLUENT DISCHARGE RATES
Cumulative Frequency: Effluent Discharge Rate (mgd)
Pgrcent of Time Flow
TégnE%gzilzgegrvgiﬁz StarKist Samoa Samoa Packing Co.

1 1.04 0.37
5 1.27 0.44
10 1.41 . 0.45
25 1.63 0.51
50 1.83 0.56
75 1.95 0.64
90 2.00 0.71
95 2.10 0.76
100 2.61 0.79

EFFLUENT DENSITY

The difference in density between the effluent and the receiving
waters is an important parameter in determining the initial dilu-
tion and the trapping level of the effluent plume. The effluent
density depends on the temperature and salinity of the effluent.
The temperature range of the effluent from both canneries is lim-
ited to a few degrees and does not have a large effect on effluent
density. This range is between 85 and 90 degrees F.

The salinity varies due to the use of sea water by SKS. The
amount of sea water used has been approximately 60 percent of the
total effluent stream. Approximately 0.6 mgd of seawater is used
by SKS for thawing and the remainder has been used for cooling

—F -
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purposes. It is anticipated that about 0.6 mgd of sea water will
be used by SKS in the future.

EFFLUENT TN AND TP LOADINGS

TN and TP loadings (pounds per day) and concentrations (mg/l) used
in the zone of mixing analysis were based on samples analyzed for
the twice weekly sampling conducted by the canneries. The period
of record for SKS data was from August 8, 1990 through March 29,
1991 and includes 64 samples. The period of record available for
SPC data was from August 6, 1990 through March 27, 1991 and in~
cludes 69 samples. Cumulative frequency distributions were con-
structed for both TN and TP loadings and are presented in Table 2.

The median loadings for TP were 127 1lbs/day for SKS and 153
lbs/day for SPC. The average TP loadings for SKS and SPC, for the
period of record, were 134 and 160 lbs/day, respectively. The an-
ticipated future maximum TP loading for SKS and SPC combined is
approximately 600 lbs/day.

Table 2
| FREQUENCY DISTRIBUTION OF TN AND TP LOADINGS
Cumulative Frequency: TP LOADINGS TN LOADINGS
Percent of Time Loading is (lbs/day) (1bs/day)
Equal to or Less Than ,

Tabulated Value SKS SPC SKS SPC

1 40 77 445 136
C 5 48 103 566 306

10l 55 119 683 334

25 79 130 851 411

50 127 153 1020 477

75 171 188 1228 570

S0 230 208 © 1427 673

95 257 225 1720 772

100 312 267 1925 1052

v’ ‘ v
2 (0 2% 500 — 4000

. aMi%éﬁgﬁth tr*“«& max . lpacte

4
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The median loadings for TN were 1020 lbs/day for SKS and 477
lbs/day for SPC. The average TN loadings for SKS and SPC, for the
period of record, were 1061 and 506 lbs/day, respectively. The
anticipated future maximum TN loading for SKS and SPC combined is
approximately 3500 to 4000 lbs/day.

EFFLUENT TN AND TP CONCENTRATIONS

TN and TP concentrations used in the zone of mixing analysis were
based on the same samples and periods of record as the loadings
discussed above. cumulative frequency distributions were con-
structed for both TN and TP concentrations and are presented in
Table 3.

The median concentrations for TP were 8 myg/l for SKS and 34 mg/l
for SPC. The average TP concentrations for SKS and SPC, for the
period of record, were 9 and 33 mg/l, respectively.

The median concentrations for TN were 66 mg/l for SKS and 104 mg/l

for SPC. The average TN concentrations for SKS and SPC, for the

period of record, were 69 and 104 mg/1, respecpively.

‘ Table 3
FREQUENCY DISTRIBUTION OF TN AND TP CONCENTRATIONS
~Cumulative Frequency: TP CONCENTRATION TN CONCENTRA-
Percent of Time (mg/ L) TION
Concentration is Equal to (ng/1)
or Less Than Tabulated
value SKS SPC SKS SPC
i m‘ 11
[— 2 17 32 28
| 3 20 35 67
10 4 23 46 77
25 6 29 55 85
50 8 34 66 104
75 11 38 79 121
90 14 42 90 140
95 16 43 114 146
1060 20 48 125 183
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DIFFUSER CONFIGURATION

Preliminary diffuser configuration and performance for a range of
potential conditions and locations were investigated for the Fea-
sibility Study. The results of the Feasibility Study indicated a
general Jlocation for the diffuser. The final design of the
outfall fixed a more precise location and other parameters such as
pipe size and water depth. The selection of a final diffuser con-
figuration was based on desired performance, design criteria for
the outfall, and location in the harbor.

The important elements of the diffuser configuration include: num-
ber of ports, port diameter, port spacing, and port orientation.
Each of these parameters is first discussed below in general
terms. More specific and detailed development of the selected
configuration follows the general discussion.

GENERAL CONSIDERATIONS

Port orientation is important for a variety of reasons but is not
considered in detail for this diffuser because: [l1] port spacing
is set to minimize individual plume merging, [2] current direc-
tions are not well known and diffuser configuration and initial
dilution predictions were generally baséd on the zero current,
worst case, assumption, and [3] the depth of the diffuser insures
trapping well below the surface. General practice for best per-
formance is to set the ports to discharge close to horizontally,
sequentially alternating sides on the diffuser pipe, and to set
them normal to the diffuser axis. This was the approach used for
the port arrangement.

Closely spaced ports minimize diffuser length and thus materials
and construction costs. However, closely spaced ports may result
in merging of individual plumes and result in lower initial dilu-
tions than would be achieved for larger port spacings. The pro-
cedure followed below was to fix port spacing to minimize merging.

Port size and number of ports effect initial dilution primarily by
controlling effluent volume flow and velocity from each port.
Higher velocities and lower volumes increase, in general, initial
dilution. There are practical limits on size and numbers of ports
including head loss, constructibility, and maintenance consider-
ations. Based on experience with outfalls and diffusers, there
are some general ground rules that can be applied for preliminary
diffuser configuration development. These general guidelines in-
clude:
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Total port area should be between 1/3 and 2/3 of the
area of the outfall pipe.

Port velocities vary from 6 to 15 feet per second.

Densimetric Froude Numbers are generally in the range of
15 to 30, with peaks no higher than 40 to 50.

Port diameters are usually in the range of 3 to 9 inch-
es.

The nominal diameter of the outfall pipe is 16 inches correspond-
ing to a cross-sectional area of approximately 201 square inches.
The number of ports of a given diameter should be in the range
shown in Table 4 in the columns for minimum and maximum number of

ports.

Table. 4 also indicates the port discharge velocities cor-

responding to the port diameters and numbers tabulated, for a rep-
resentative range of total effluent flow rates. The data present-
ed in Table 4 are interpreted as follows:

[ ]

The total flows of 0.37 and 1.41 mgd are the minimum
flows for SPC (lowest single cannery flow) and for SPC
plus SKS (lowest combined flow), respectively (see Table
1). This range of flows represents low flow conditions
and the generally accepted criteria is that the
Densimetric Froude Number associated with the flows
should remain above 1 or 2. This will be discussed fur-
ther below.

The flow rate of 3.4 mgd is the combination of the max-
imum flow rates for both canneries. It represents a
condition of very low probability under present opera-
tional practices at the canneries. This flow should be
result in a Densimetric Froude Number of less than 40 to
50 (discussed further below) and should not result in
velocities of over about 20 to 25 ft/sec through the
ports. The latter condition is not a constraint as in-
dicated in Table 4.

The flow rate of 2.39 mgd is the combined median flows
for both canneries. This value is taken as the design
flow for the purposes of this discussion. The shaded
portions of Table 4 highlight conditions where the ve-
locity is between 6 and 15 ft/sec. The shaded entries
indicate that the entire range of port sizes considered
can accommodate the design flow rate and alsc meet the
port-to-pipe area ratio criteria.



Table 4

PORT CONFIGURATION CHARACTERISTICS

‘PORT PORT NUMBER | TOTAL PORT NUMBER | TOTAL PORT
IDIAMETER! AREA OF PORTS| FLOW |VELOCITY| |OF PORTS| FLOW |VELOCITY
(inches) (sq.in) (minimum) | (mgd) (ft/sec) (maximum) | {(mad) {ft/sec)
3 7.07 9 0.37 18 0.37 0.61
1.41 1.41 2.34
2.39 2.39 3.97
3.40 3.40
4 12,567 5 0.37 11 0.37 0.60
1.41 1.41 2.27
2.39 § 2.39 3.85
3.40 3.40 5.48
5 19.63 3 0.37 7 0.37 0.60
1.41 1.41 2.29
2.39 | 2.39
3.40 3.40 |
6 28.27 2 0.37 5 0.37 0.58
1.41 1.41 2.22
2.39 2.39 3.77
3.40 3.40 5.36
7 38.48 2 0.37 3 0.37 0.71
1.41 1.41 2.72
2.39 2.39 4.61
3.40 3.40
8 50.27 1 0.37 3 0.37 0.55
1.41 1.41 2.08
2.39 2.39 3.58
3.40 3.40 5.02
g 63.62 1 0.37 2 0.37 0.65
N 1.41 1.41 2.47
2.39 2.39
, 3.40 | 3.40 |
10 78.54 | 1 0.37 2 0.37 0.52
‘ 1.41 1.41 2.00
2.39 2.39 3.39
3.40 3.40 4,82
11 95.03 | 1 0.37 1 0.37 0.87
: 1.41 1.41 3.31
2.39 2.39
3.40 3.40
12 113.10 1 0.37 1 0.37
1.41 1.41
2.39 2.39
3.40 3.40
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. Unusually large port areas (10 to 12 inches in diameter)
are included in Table 4 for comparison purposes. These
large ports would be less expensive to construct, result
in lower operating costs because of lower head losses,
and have lower potential maintenance problens.

Densimetric Froude Numbers are given in Table 5 for extremes in
receiving water conditions and for the range of effluent flow
rates and densities anticipated. Densimetric Froude Number
depends on receiving water density, effluent density, port diame-
ter, and port discharge velocity. The range of ambient densities
is estimated to be between 1.0227 and 1.0234 dgrams per cubic cen-
timeter. The range of effluent densities is estimated between
0.9550 and 1.0011 g/cc. For these conditions, and the range of
port diameters used in Table 4,the velocities associated with
Froude Numbers of 2, 15, 30, and 50 were calculated and presented

in Table 5. The interpretations of the results given in Table 5
are as follows:

* In outfalls with large variations in flows there is the
: potential for sea water intrusion at flows well below
design conditions. Froude Numbers should remain above 1

or 2 (or possibly higher) to avoid sea water recircula-

tion in the outfall. Long periods of such conditions

can lead to sediment accumulation in the outfall and
biofouling of the diffuser ports. To avoid this problem

the velocity given in Table 5 for Fr = 2 should be equal

to or lower than the velocities given for the minimum
flows of Table 4. Examination of these data indicates

that the use of ports larger than 2 inches in diameter

nay lead to problems associated with sea water intru-
sion.

. Maximum flows should result in a Froude Number of less
than about 40 to 50. Examination of the velocities pre-
dicted for Fr = 50 in Table 5 and conditions for maximum
flow rates indicates that maximum anticipated flows
through the appropriate number of ports will not exceed
30 and the maximum condition is not a problem in
diffuser configuration design.

. The criteria that flows should result in Froude Numbers
between 15 and 30 means that velocities given in Table 4
should be above the velocities for Fr = 15 in Table 5.
This condition is met for port diameters between 3 and
slightly less than 6 inches as indicated by the shaded
areas of table 5. In all cases the number of ports
would have to be less than the maximum number listed to
meet the Fr => 15 criteria.

s



Table 5

PORT DYNAMICS CHARACTERISTICS
Fr = Densimetric Froude Number

g PORT PORT VELOCITY
_ (fsls) [DIAMETER (f/sec)

(inches) Fr=30 | Fr=50

0.89 3 14.17 23.61
4 16.36 27.26

5 18.29 30.48

8 20.03 33.39

7 21.64 36.07

8 23.13 38.56

9 24,54 40.90

10 25.87 43.11

11 27.13 45.21

12 28.33 47.22

0.68 3 12.36 20.60
4 14.27 23.79

5 15.96 26.59

6 17.48 29.13

7 18.88 31.47

8 1.35 10.09 20.18 33.64

9 1.43 10.70 21.41 35,68

10 1.50 11.28 22.57 37.61

11 1.58 11.83 23.67 39.45

12 1.65 12.36 24,72 41,20
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Based on general criteria derived from experience with outfall
systems as reported in the engineering literature, and the desire
to use the largest ports possible, the 5 to 6-inch port configqu-
rations appear to be the most desirable. Smaller ports generally
result in higher initial dilutions and thus would require a small-
er zone of mixing. However, using larger ports is particularly
important for this case since the diffuser will be in deep water
(nearly 180 feet) and the cost associated with clogged or plugged
ports could be substantial. To further assist in selecting a fi-
nal diffuser configuration that balances these two conflicting
objectives, sensitivity studies for initial dilution performance
were done as described below.

DIFFUSER PERFORMANCE BENSITIVITY

The sensitivity of diffuser performance (initial dilution and
trapping depth} to environmental parameters, effluent character-
istics, and diffuser configuration was investigated to aid in fi-
nal diffuser configuration selection. The model UDKHDEN, which is
described in more detail in the Feasibility Study, was used for
the sensitivity analysis. The models UDKHDEN.and UMERGE were both
used for the Feasibility Study. However, UDKHDEN is considered
more sensitive to changes in receiving water and effluent charac-
teristics and was the only model used for developing the sensitiv-
ity analysis presented here.

The sensitivity analysis considers two receiving water conditions:
a stronger density gradient representative of trade wind condi-
tions and a weaker density gradient representative of non-trade
wind conditions. These density gradients were developed from
available data from stations close to the proposed diffuser loca-
tion. The density gradients used are given in Table 6.

The analysis presented below generally considers a discharge depth
of 160 feet, port sizes of between 4 to 8 inches, number of ports
equivalent to about one-half the area of the outfall pipe, and ef-
fluent densities consistent with approximately 40 percent sea wa-
ter. More detailed considerations of some of these factors is
considered in the subsequent development of the final diffuser
configuration. presented after the initial sensitivity analysis.

S8ensitivity to Port Spacing
Table 7 summarizes model predictions showing the sensitivity of
diffuser performance to port spacing. A port spacing of 50 feet

results in merging plumes at the trapping level for the stronger
stratification conditions. Under weaker stratification the plumes
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Table 6
RECEIVING WATER DENSITY PROFILES USED FOR
DIFFUSER CONFIGURATION SENSITIVITY ANALYSIS
DEPTH DENSITY (sigma-t units)
(meters) STRONGER GRADIENT WEAKER GRADIENT

0 23.02 22.65
3 23.02 22.65
6 23.13 22.68
9 23.13 22.68
12 23.20 22.68
15 23.28 22.68
18 23.28 22.68
21 23.28 22.68
24 23.36 “ 22.68
27 23.36 22.68
30 23.36 22.68
33 23.36 22.68
36 23.36 22.68
39 23.36 . 22.68
41 23.36 22.68
44 23.36 22.68
47 23.36 ‘ 22.69
49 23.43 22.71
55 23.43 22.71

merge prior to trapping but higher initial dilutions also result
since the trapping level is higher in the water column. A port
spacing of approximately 50 feet was chosen as resulting in the
best overall performance of the diffuser configuration. Table 7
also indicates the better performance of smaller ports.



Table 7

EFFECT OF PORT SPACING ON INITIAL DILUTION

Discharge Depth
Effluent Flow Rate

Effluent Temperature

Current Velocity

=160 ft

= 2.0 mgd

=85F

= 0 cm/sec

R e e

PORT PORT DENSITY |[DILUTION|TRAPPING PLUME WIDTH {PLUMES
SIZE (inchos) NUMBER |PROFILE LEVEL -~ ft (m) AT TRAP. LEVEL [MERGE
386 725 (22.1) as (11) YES
500 | 120 (3.5) 46 (14) YES
260 60.8 (21.2) a8 (11) YES
432 surface 50 {16.3) YES
205 |450 (137 44 (13.5) YES
277 | surface 47 {(14.4) YES

LB 21
ﬁﬁ”é?i:f«%“{% e

R0 fosiony

PORT PORT  |DENSITY |DILUTION[TRAPPING PLUMEWIDTH |PLUMES
SIZE (inches) NUMBER |PROFILE ~ |LeveEL-ft(m) |AT TRAP.LEVEL |MERGE
4 7 s 471 | 73.8 (22.5) 44 (13.5) YES
4 7 w 203 | 14.4 (4.4) 61 (18.5) YES
6 4 8 a4 |78 (219 48 (14) YES
6 4 w sz | 115 (3.5 62 {19) YES
8 2 $ 201 {479 (14.8) 57 (17.5) YES
8 2 W 439 surface 84 (19.6) YES

Note: S=strong density gradient W=weak density gradient
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Bensitivity to Effluent Flow Rate

A representative range of effluent flow rates is presented in Ta-
ble 8 for both den51ty gradient conditions and a range of port
sizes. Port Spacing is held at 50 feet. At the hlgher flow rates
initial dilution decreases and plume trapping level is shallower.
At the highest dlscharge rates the plume surfaces at port diame-

ters of greater than six inches for the weaker density gradient
condition.

Sensitivity to Effluent Temperature

Table 9 shows the sensitivity of diffuser performance to effluent
temperature (an thus to effluent density). The results indicate
that the initial dilution and trapping level are insensitive to
small changes in effluent temperature (or density) for the range
of port sizes under consideration at an effluent flow rate and

depth similar to the expected conditions for the joint cannery
outfall.

Sensitivity to Ambient Currents

All of the diffuser performance predictions ptresented above were
based on a worst case scenario of zero ambient current. This is a
conservative approach. Existing data (described in the Feasibili-
ty Study) indicates that a small current will be present nearly
continuously at the diffuser site. Table 10 presents the diffuser
performance predictions for currents at about the estimated 10
percentile level of 5 cm/sec (currents will be higher than this 90
percent of the time). Comparison of the results given in Table 10
to the zero current results of Table 8 demonstrates that, as ex-
pected, the presence of currents dramatically increases the ini-
tial dilution and trapping levels for the range of port sizes and
effluent flows representative of the joint cannery outfall condi-
tions.

S8ELECTION OF DIFFUSER CONFIGURATION

Based on the general guidelines for diffuser design, the results
of the sensitivity analysis, and consideration of other design and
site-specific factors, ports of 5-inch diameter were selected.
During the time the sensitivity study was being conducted the ex-
act location of the diffuser was selected and the depth at that
location is 171 to 176 feet relative to mean lower low water.

The number of ports for the final diffuser configuration was based

on the results of a series of model predictions for 5~inch ports
as given in Table 11. Table 11 provides the predicted trapping



Table 8

EFFECT OF EFFLUENT FLLOW RATE ON INITIAL DILUTION

Discharge Depth =160 ft.
Port Spacing =50 ft.
Effluent Temperature =85F
Current Velocity = 0 cm/sec

Iﬁ*é’w*mwaﬁjﬁ :

=i 4 o A e B
SRR

e L R o ey P e e
VEOeat Fiow Hare = 1 Siigd

A
SRR

PORT PORT _ |DENSITY |DILUTION[TRAPPING PLUMEWIDTH [PLUMES
SIZE (inches)  |NUMBER |PROFILE LEVEL-ft{m) |AT TRAP.LEVEL |MERGE
4 7 ) 840 | 75 {22.8) 43 (13.0) YES
4 7 w 1068 |15 {4.6) 61 (18.5) YES
6 4 s 380 |73 (22.%) 43 (13.2) YES
8 4 w 743 |13 4.0 82 (18.8) YES

PORT PORT DENSITY |DILUTION|TRAPPING PLUMEWIDTH |PLUMES

SIZE {(inches) NUMBER |PROFILE LEVEL ~ ft (m) AT TRAP. LEVEL IMERGE
4 7 5 471 | 73.8 (22.5) 44 (13.5) YES
4 7 w 803 144 (4.4) 61 (18.5) YES
8 4 s 334 (719 (1.9 48 (14) YES
8 4 w 638 11.5 (3.5) 82 (18) YES
8 2 s 201 47.9 {14.8) 57 (17.5) YES
8 2 w 439 . |surface 84 (19.6) YES

T T SRR

e :-;:m.tsgrmas-'{wmfmwﬁgmgwwmww R e DR T O S S e
S0r Maximun Effluer Hate =4 sl e
ﬁ 7 jis g&ﬁm}::—w &Ity{}ﬁ :vm\h~zx-mewNN1;§>§s.v:-.-e oL BRI RE ¢ Se B SR %’(ﬁ g

s

PORT PORT DENSITY [DILUTION|TRAPPING PLUMEWIDTH |PLUMES
SIZE {inches) NUMBER |PROFILE LEVEL - ft (m) AT TRAP. LEVEL iMERGE
. 4 7 S as57 73 (22.1) 49 (14.8) YES
4 7 w 820 |12 (3.9) 84 (19.6) YES

8 4 s 288 6g (21.1) 80 (15.2) YES

;] 4 w 465 surface 87 (20.3) YES

Note: S=strong density gradient W=weak density gradient
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Table 9

EFFECT OF TEMPERATURE ON INITIAL DILUTION

Discharge Depth
Effluent Flow Rate
Port Spacing

=160 ft.
= 2.0 mgd
= 50 ft.

e B

g 2 OV B
R i e o inaton

PORT PORT  [EFFLUENT |DENSITY |DILUTION ]TRAPPING PLUME WIDTH |PLUMES
SIZE (inches)  |[NUMBER |TEMP.(F)  |PROFILE LEVEL-ft(m) |AT TRAP.LEVEL |MERGE
1 7 3 ) 468 |74 (22.5) 44 (13.6) YES
4 7 50 s a3 |73 (22.9) 44 {13.4) YES
4 7 85 w 800 |14 (4.3) 82 {18.8) YES
4 7 50 w 815 |14 (4.4) 81 {18.7) YES
8 4 85 s as2 |7z (21.9) 43 {13.0) YES
8 4 60 s ase |72 (21.8) 44 (135 YES
8 4 85 w 63 |11 (35 82 {10.0) YES
8 4 80 w 844 |11 (33 82 {16.0) YES

PORT PORT DENSITY |DILUTION [TRAPPING PLUMEWIDTH [PLUMES
SIZE (inches) NUMBER |TEMP. {F) PROFILE LEVEL-ft{m) |[AT TRAP. LEVEL |MERGE
4 7 85 ) 2507 178 (23.8) 89 (21) YES
4 7 80 s 2511 78 (23.7) 69 (21) YES
4 7 85 w 4651 19 (5.8) 108 (33) YES
4 7 80 W 4659 |19 {5.8) 112 (34) YES
8 4 85 s 1471 77 {23.8) 82 (25) YES
8 4 80 [ 1472 |77 (23.6) 82 (25) YES
8 4 85 w 2725 18 (5.8) 128 (39) YES
8 4 20 W 2730 18 (5.5) 131 (40) YES

Note: S=strong density gradient W=weak density gradient
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Table 10

EFFECT OF AMBIENT CURRENT AND EFFLUENT FLOW RATE
ON INITIAL DILUTION

Discharge Depth = 160 ft.
Port Spacing = 50 fi.
Effluent Temperature =85F

AN LA T

i R R Vf@w@"«##ﬁf“ Rt ﬁ’ﬂﬁ,?” g
Hestits for Mintmum Efluent Blow Hate < 3.5 0

PRI IR R R O A i

g SRR

;| %5 il 7
REHI AT A et

Current Velocity = 5§ cm/sec

PORT FORT  |DENSITY |DILUTION|TRAPPING PLUMEWIDTH |PLUMES
SIZE {inches)  |NUMBER |PROFILE LEVEL - ft(m) |AT TRAP. LEVEL |MERGE
4 7 5 3244 |78 (23.8) 66 (20) YES
4 7 w 8078 |19 (5.9 102 (31) YES
8 4 s 1902 |77 (28.9) 78 (24) YES
& 4 w 3852 {18 (&7 200 (61) YES

s
S Lo

I
) v g AN g K ) e
DacoshotoriiRintsad Rt rdiadtionn v AR den ﬁm&%@@%;\;\e e

Current Velocity = 2.5 cmisec

PORT PORT  |DENSITY ]DILUTION|TRAPPING PLUMEWIDTH |PLUMES

SIZE (inches)  |NUMBER |PROFILE LEVEL-fiém) |AT TRAP. LEVEL IMERGE
4 7 ) 1414 |77 (23.8) 118 (38) YES
4 7 w 2588 |18 (5.5 157 (48) YES
6 4 ] 854 |78 (23.3) 85 (26) YES
5 4 w 1557 17 (6.1} 125 (38) YES
8 2 s 487 {73 (22.4) 79 (24) YES
8 2 W 888 |14 (4.2) 131 (40) YES

Current Velocity = 5.0 cm/sec

PORT PORT  |DENSITY [CILUTION|TRAPPING PLUMEWIDTH |PLUMES

{sIzE(inches)  |[NUMBER |PROFILE LEVEL - ft(m) |AT TRAP. LEVEL |[MERGE
4 7 s 2509 |78 (23.8) 89 (21) YES
4 7 w 1472 |77 (23.8) 82 (25) YES
6 4 s 4855 |19 (5.8) 110 (34) YES
8 4 W 2728 |18 (5.8) 120 (40) YES

Current Velocity = 5 cm/sec

PORT PORT _ |DENSITY |DILUTION|TRAPPING PLUME WIDTH |PLUMES

SIZE (inchee)  |NUMBER |PROFILE LEVEL-ft{m) |AT TRAP.LEVEL |MERGE
4 7 s 14480 |77 (23.6) 72 (22) YES
4 7 w 2600 |18 (5.8 121 (37) YES
6 4 s 857 |76 (23.3) 85 {28) YES
8 4 w 1538 |17 (5.2) 144 (44) YES

Note: S=strong density gradient W=weak density gradient
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level, initial dilution, and Froude Number for a range of effluent
flow rates and for both density gradient conditions described
above. Effluent density was based on 40 percent sea water and a
temperature of 87.5 degrees F. The results of these model predic-

tions lead to the selection of a diffuser with the following char-
acteristics:

. Number of Ports: 6 ports total
4 ports active (open) .
2 ports closed (for future use)

. Port Spacing: 50 feet between ports
Alternating sides

. Port Size: 5.065 inches (ID)

. Port Orientation: 90 degrees to centerline of pipe

15 degrees to horizontal {(upward)

The number of ports to be built is larger than the number of ports
to be used. This provides flexibility for growth and a safety
factor in the event of port clogging. This approach was taken
because of the depth of water and difficulty of modifying and
maintaining the diffuser once in place.

PREDICTED DIFFUSER PERFORMANCE

After determining the final diffuser configuration described above
and the location (depth) of the diffuser an additional set of mod-
el simulations was conducted to predict final diffuser configura-
tion performance. The results of these predictions are given in
Table 12 and detailed input and output from UDKHDEN are provided
in the Appendix A to this memorandum. For the final configuration
model predictions the following conditions were used:

. Effluent Discharge Rates: 1.41, 2.39, and 3.40

» Effluent Temperature: 85 degrees F

. Effluent Salinity: Calculated for 0.6 mgd of
sea water (the balance
freshwater)

. Ambient Conditions: Density as described

above and zero current speed

-18~
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RANDUM

Table 11
SELECTION OF NUMBER OF S5-inch PORTS FOR DIFFUSER
DENSITY EFFLUENT | NUMBER OF | TRAPPING -INITIAL FROUDE
GRADIENT FLOW 5-inch LEVEL DILUTION NUMBER
S=strong (mgd) PORTS (m below
W=weak surface)

S 1.5 2 22 350 4.4

4 23 491 5.8

6 23 611 8.7

B 23 7 707 17.5

2.0 2 22 310 23.2

4 23 428 11.6

6 23 524 7.7

8 23 608 5.8

3.8 2 22 | 237 44.6

id 22 0312 22.3

6 23 378 14.9

8 23 433 11.2

W 1.5 2 4 565 17.8

4 4 832 8.9

] 6 5 1053 6.0

8 5 1248 4.5

2.0 2 3 487 23.6

4 4 707 11.81

6 4 896 7.87

8 5 1059 5.91

3;8 2 0 367 45.5

4 3 498 22.8

6 4 616 15.2

8 4 721 11.4

_19._..
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Table 12
PREDICTED PERFORMANCE OF FINAL DIFFUSER CONFIGURATION
DENSITY GRADIENT EFFLUENT TRAPPING INITIAL
FLOW LEVEL DILUTION
(rgd) (m below
surface)
Stronger Gradient 1.41 23 467
2.39 22 393
3.40 21 346
Weaker Gradient 1.41 4 817
2.39 3 659
3.40 - 586

The model predictions indicate that dilutions are expected to be

over 300:1 under all conditions and are over 400:1 under most con-
ditions.

AMBIENT COMNCENTRATIONS
(OUTSIDE ZONE OF MIXING)

Anmbient concentrations for a range of nutrient loadings and dis-
charge locations were developed and presented in the Feasibility
Study and Appendices to the Feasibility Study. These predictions
were done using a wastefield transport model (PT121) developed for
Pago Pago Harbor. The model is described in the Feasibility

Study. Additional runs with the model were made for the final
diffuser location.

Table 13 presents the results of the PT121 model runs for the fi-
nal diffuser site. The loadings listed in Table 13 are input to
the model as constants and can be interpreted to represent the
maximum loading or the long term average loading. The interpreta-
tion of the results depends on the interpretation of the input

loading conditions. The primary results of the site-specific mod-
el predictions are:

» Interpretation of the model input as the maximum loading
is the most conservative approach. In this case the
model predicts the resulting concentrations throughout
the harbor that would occur if the maximum loadings were
continuous (that is maximum and average were the same).
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Since the loadings vary considerably (see Tables 2 and 3
and Figures in Appendix B of this memorandum), the pre-
dicted concentrations based on maximum loadings are val-
ues that are higher than would ever occur. The combined
average loading of TP is only 49 percent of the combined
maximum loading. For TN the combined average is only 50
percent of the combined maximum. The use of the maximum
as an average is extremely conservative.

. Interpretation of the model input loadings as averages
means that the predicted concentrations ' in the harbor
are representative of long term averages. The actual
concentrations in the harbor would fluctuate about these
averages. Because of the slow response time of the har-
bor and the rapid variations of the loadings the actual
concentrations in the harbor would not vary as much as
the loadings. Concentrations in the harbor would never
reach a value near that predicted for maximur loadings
input as constant. For example, if the combined average
TN loading is 1500 pounds per day and the maximum value
is 4000 pounds per day then, based on the results given
in Table 13, the average concentration in the harbor
(highest value outside the mixing zone) is predicted to
be higher than 0.165 mg/l and will always be lower than
0.243 mg/l.

. Present combined average loadings are approximately 1500
lba/day (1567 lbs/day for the samples taken during the
pericd of record described above). This loading will
result in a predicted maximum TN concentration outside
of the zone of mixing of 0.165 mg/l. This is comfort-
ably below the water guality standard. For TP the load-
ing is about 300 lbs/day (294 lbs/day for the period of
record). This loading results in a maximum TP concen-
tration, outside the 2zone of mixing, of about 0.022
mg/l.

. The model predictions indicate that, outside the zone of
mixing, the TN standard of 0.200 mg/l will be met at a
constant. loading of 2600 lbs/day and that the TP stan-
dard of 0.030 mg/l will be met at a constant loading of
570 1lbs/day. The 2600 lbs/day TN level includes 95 to
99+ percent of the data since the implementation of high
strength waste segregation. The 570 1lbs/day TP level
includes virtually all the data since the implementation
of high strength waste segregation.

....2 1=
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Table 13
MODEL PREDICTIONS OF MAXIMUM CONCENTRATIONS
OUTSIDE THE ZONE OF MIXING AT THE FINAL DIFFUSER SITE
FOR A RANGE OF TN AND TP LOADINGS
TN LOADING | MAXIMUM TN TP LOADING MAXIMUM TP
(lbs/day) | CONCENTRATION (lbs/day) | CONCENTRATION
(mg/1) (mg/1)
1500 0.165 300 0.022
2000 0.180 400 0.025
| 2500 0.197 500 0.028
“ 3000 0.212 600 0.031
3500 0.231 700 ~ 0.034
4000 0.243 I 800 0.038

Examination of the data for concentrations, loadings, and effluent
flow rates, since high strength waste segregation, indicates that
there is no significant trend of loading with production. Plots
of concentration and loading as a function of relative production
(percent of maximum in the period of record) are given in Appendix
B. The time series of loadings for each cannery, since the imple=-
mentation of high strength waste segregation, are also given in
Appendix B and 4indicate that there is no strong correlation
between canneries and that the fluctuations are of relatively
short period. The variations in loading can be considered as a
random record of short period fluctuations about a mean in the
evaluation .of impacts on harbor nutrient concentrations.

Based on the above cobservations the model was used to evaluate the
increase in TN and TP concentrations that would occur for increas-
es in loadings above a range of values for the combined long term
average. The results of this analysis are given in Table 14. The
table presents the number of days required to increase maximum TN
and TP concentrations to the standard (outside of the zone of mix~-
ing). For example, if the average TN loading is 1500 lbs/day then
an increased TN loading of 3000 lbs/day would have to exist for 7
consecutive days to increase the concentration of TN to 0.200
mg/l. This 0.200 mg/l concentration would be the highest concen-
tration outside the zone of mixing; concentrations throughout the
rest of the harbor would be lower than 0.200 mg/l.

The locadings used in the model simulation are based on data taken
only during product processing operations and result in
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artificially high average loading wvalues. These results in an
extra degree of conservatism in an already conservative approach.
All the model assumptions and applications tend to predict higher

concentrations than would be the case with more realistic assump-
tions. :

Table 14
MODEI, PREDICTIONS OF MAXIMUM CONCENTRATIONS
FOR TN AND TP LOADINGS ELEVATED ABOVE AVERAGE
ELEVATED ELEVATED
LOADING LOADING
(1bs/day) (1bs/day)
AVERAGE
N 3000 | 3500 | 4000 AVERAGE 600 | 700 | 800
LOADING TP
1bs/da TOADING
(Ibs/day) | yumpEr oF DAYS (1bs/day) | NUMBER OF DAYS
BEFORE EXCEEDING BEFORE EXCEED-
0.200 ng/1 ING 0.030 mg/l
1500 10 7 4 300 | 12 6 4
2000 7 4 3 | 400 9 4 3
2500 0 0 0 " “ 500 4 2 | 1

Examination of the available data indicates that TN loadings ex-
ceeding the average (1500 lbs/day) are not predicted to result in
concentrations exceeding 0.200 mg/l. The average and maximum ef-
fluent TN and TP concentrations can increase above present values,
to account for future growth, and still meet water quality stan-
dards. Tabhle 14 indicates the average and maximum loadings pre-
dicted to result in compliance outside the zone of mixing.

4

REQUIRED ZONE OF MIXING BIZE

The wastefield transport model described in the preceding section
of this memorandum provides an assessment of the average concen-
trations throughout the harbor over time scales greater than a
tidal period and space scales consistent with the cell size (200
meters horizontal dimension). The initial dilution model
described above provides an assessment of the mixing action of the
effluent plume with the receiving water. Neither of these models
provides precise details on the geometry of a zone of mixing. For
the purposes of the discussion in this section, the defined a zone

-23-



kN

| PR PR
— [NE— st [R—

[RErE

TECENICAL MEMORANDUM
Costa to File
26 August 1991
PDRX30702.PA.MZ

of mixing is that area outside of which the water quality stan-
dards are achieved.

§ an s
The enclosed nature of the arb0n<§;d concomitant long flushing
and residence times, the(géggg?gxic nature of the predominantly
wind-driven circulation, ain e restrictive water quality stan-
dards all combine to make the precise definition of a zone of mix-
ing a somewhat subjective process. However, the results of the
wastefield transport model predictions show compliance with the

water quality standards at specified loadings on a long-term aver-
age basis.

A number of approaches can be used to describe the appropriate
zone of mixing dimensions. These approaches vary in their spatial
and temporal resolution as well as in the physical approach used.
The approaches can be broadly classified as initial dilution
based, volumetric based, or based on analysis of subsequent (far-
field) dilution. Each of these approaches is discussed below.

ZONE OF MIXING BASED ON INITIAL DILUTION

If a zone of mixing is to be based on initial dilution only, the
receiving water must have a sufficiently low concentration of the
constituent of concern that the concentration of the plume, at the
end of the initial dilution process, meets the water quality stan-
dards. In an enclosed system like Pago Pago Harbor, the receiv-
ing water concentration (steady state or long term average) is
elevated above the open ocean background concentration. Back-
ground concentration is used here to indicate the concentration
that would be found if there were no release of the constituent.
The steady-state concentration refers to the concentration in any
parthﬁTE%'E?EE‘of the harbor that results from the long-term re-
lease of the constituent.

The required initial dilution (S) to meet a particular water gual-
ity standard concentration at the end of the initial dilution pro-
cess (Cs) depends on the effluent concentration (Ce) and the ambi-

ent (steady state) concentration (Ca). The relationship between
these variables is: ¥
Ca

S (Ca - cs) = (&» - Ce).

L] : .
Thus, the standard can never be met if the ambient concentration
egquals the water quality standard and only initial dilution is
accounted for in the zone of mixing definition.
The closer the values of the standard and the ambient concentra-
tions, the more difficult it is to meet the standards, that is,
the higher the initial dilution must be to meet the water quality
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standard. For example, if the ambient TN concentration is the
ocean background (the outfall is beyond the harbor entrance) of
0.12 mg/l and the water quality standard is 0.200 mg/l, the re-
guired initial dilution to meet the standard, except within the
effluent plume, is expressed as:
o.[20¥
S = (Ce - 0.2809/0.080

Typical post-segregation median effluent concentrations for the
combined cannery discharges are expected to be approximately 70 to
1 mg/l. This means that initial dilutions 875
to 1 uired, which are probably much higher than can
practically be obtalned. With the discharge in the harbor where
the ambient concentrations are higher results in even higher, and
unattainable, initial dilution requirements. A zone of nixing
based solely on initial dilution is not feasible for the present
water gquality standards.

ZONE OF MIXING BASED ON VOLUMETRIC ANALYSISB

The transport model used to predict ambient conditions provides an
assessment of the size of the zone of mixing, based on a descrip-
tion of long-~term average concentrations. The resolution of the
model is a cell 200 meters square (656 feet square). In addition,
the model is a depth-averaged, completely stirred model. The
fine-scale details of the effluent plume and the nearfield concen-
trations are neither square nor constant with depth or the hori-
zontal dimension of a model cell. However, the model does give a
good indication of the strength of the concentration gradient that

can exist for the dispersion coefficient applicable for the model
cell size.

The model was run with discharge to two cells. The resulting am-
bient concentrations given in Table 13 are the maximum predicted
outside of those two cells. The time required to exceed the stan-
dard as given in Table 14 also is for areas outside of the two
cells where effluent is discharged. For the discharge location
the depth of the diffuser is about 175 feet and the minimum ini-
tial dilution expected from the initial dilution modeling is over
350:1. For an effluent concentration of TN -0of 100 mg/l, the
concentration at the end of the initial dilution process is about
0.49 mg/l, based on an ambient concentration of 0.200 mg/l. The
volume of water in 2 model cells is over 150 times that involved
in the initial dilution process, and the concentration after ini-
tial dilution is approximately 2 to 3 times the average predicted
for the 2 model cells.

The overall volumetric requirements for a zone of mixing predicted
by the wastefield transport model appear reasonable (there is suf-
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ficient volume of water). However, the detailed geometry and spa-
tial variability of the area where water quality standards are
exceeded is not well addressed by the wastefield transport model
(which predicts average long term conditions).

The wastefield transport model used in this study does provide a
useful estimate of the subsequent dilution except close to the
discharge point. The wastefield transport model (PT121) was found
to predict observed concentrations at stations near (within 1000
feet of) the existing discharge. Thus, the results of the model
near the point source discharge appear to be acceptable at a dis-
tance of about 1,000 feet or possibly less. The analysis of the
wastefield transport model predictions presented in the previous
section of this memorandum was based on providing a zone where
water quality standards might be exceeded that was always less
than 300 feet from the model discharge point.

If, as a conservative approach, the cells within which effluent is
released and all the surrounding cells are taken as a zone of mix-
ing the size of the zone of mixing would be 800 by 600 meters (ap-

proximately 2600 by 2000 feet) aligned in the direction of the
diffuser. .

APPLICATION OF THE FARFIELD DILUTION MODEL

The wastefield transport model described above is a depth-averaged
model that cannot account for the fact that, near the discharge
point, the wastefield will exhibit a gradient in concentration
with depth and might be contained in a distinct layer of the water
column. To investigate the expected concentrations near the dis-
charge point the subsequent dilution model CDIFF was used.

The subsegquent dilution model (CDIFF) was used and is described in
more detail in the Feasibility Study and associated references.
This model has features that make it conservative; that is, it
provides predictions of dilutions that are probably low (high con-
centrations). These features include the following:

. The model allows no diffusion in the direction of the
current. This results in particularly wide wastefields
at low current speeds and physically unrealistic results
at very low current speeds. This aspect of the model
had to be considered for this application and was ad-
dressed as described below.

. The model allows no mixing in the vertical direction and

assumes a constant "layer thickness". This results in
an overestimate of concentrations.
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° The model, as supplied by EPA, has set values for cal-
culating diffusion coefficients as a function of plume
dimension. These values result in a diffusion coeffi-~

cient, at the start of subsequent dilution, that is
about the same as that derived from dye experiments in
Pago Pago Harbor. Those experiments were based on visu-
al (photographic) observation rather than concentration
measurements. This leads to an underestimate of the
eddy diffusion coefficient and means CDIFF is underesti-
mating the dilution factor (overestimating .concentra-
tion) at least near the beginning of the subsequent di-
lution process.

° At the end of initial dilution, the concentration of the
plume is appropriately described by adding or superim-
posing it on the ambient concentration. At the end of
the subsequent dilution process, the concentration of
the plume is the ambient concentration. However, the
calculation of subsequent dilution is usually carried
out by superimposing the plume concentration on the am-
bient concentration throughout the entire area consid-
ered. This gives conservative (concentration predicted
too high) results that are more conservative as the dis-
tance from the source increases.

As mentioned above CDIFF does not work well under near-zero cur-—
rent conditions. The model allows only advective transport in the
Jongitudinal direction (direction of current) and only diffusive
transport in the lateral direction. Thus, for near zero current
speeds no dispersion is allowed in the longitudinal direction and
the model results are physically unrealistic, and are not usable
for predictions. To be physically realistic, the longitudinal
(advective). transport term should be at least as large as the lat-
eral (diffusive) transport term. In order to meet this condition
and keep model predictions physically realistic the model should
not be applied for currents less than about 0.05 cm/sec. This
current speed is based on an analysis done for the application of
the model to Pago Pago Harbor.

For a current speed of 0.05 cm/sec and for diffusivity proportion-
al to the length scale of the plume (which is typical for enclosed
bodies of water), the model simulates the zero-current-speed situ-
ation. Under the stated current speed and diffusivity conditions
the model predicts diffusive and advective fluxes of about the
same size near the origin. This is equivalent to setting the
strength of diffusive transport the same in both directions, which

is a physically realistic approach for the space and time scales
under consideration in this case.
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The model output for CDIFF provides a description of subsequent
dilution as a function of distance from the plume location at the
end of initial dilutioen. The output from CDIFF is included as
Appendix C. For the Feasibility Study the subsequent dilution was
applied to the predicted gradient of ambient concentrations. For
the ana1y51s below the ambient concentrations are held constant,

which is a somewhat more conservative approach. Tables 15A
through 15D summarize the calculations and approach to predicting
the required mixing zone dimensions.

Tables 15A-D summarize two approaches, which are similar to the
approaches described above for the wastefield transport model:

. The first approach assumes a continuous loading for a
range of values corresponding to a range of frequency of
occurrences. This approach can be thought of as pre-
dlctlng the median (50 percentile) conditions for exist-~

ing and increased (over 50% percentile) median loadings
and concentrations.

The second approach assumes a peak loading occurs super-
imposed on ambient conditions representative of the
present median condition. An estimate of the number of
days of elevated loadings that would have to occur be-
fore water quality standards were violated at the edge
of the mixing zone was provided above in the discussion

of the ambient concentrations predicted by the waste-
field transport model.

There is no clear relationship between loadlng, concentration, and
effluent discharge rate. The values used in the calculations were
all selected corresponding to the same frequency of occurrence
level. If the variables were well correlated this frequency would
correspond to the expected frequency of occurrence of the result
(i.e. required zone of mixing size). If the variables were not
correlated at all then the fregquency of the result could be much
lower than the frequency of each variable. Since the relatlonshlp
between the variables is weak, the result is conservative (pre-
dicted requirement for zone of mixing dimension is too large).

Tables 15A-D provide estimates of mixing zone size for TP and TN

and for stronger and weaker density gradients. The tables are
constructed as follows:

. Effluent flows, nutrient concentrations, and nutrient
loadings are tabulated based on a set of frequencies
from Tables 1 through 3 above.
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] Table 15A
) REQUIRED DIAMETER FOR ZONE OF MIXING
TN - STRONGER STRATIFICATION

! CONTINUOUS CONDITIONS PEAK SUPERIMPOSED ON MEDIAN
. FREQUENCY (Percent of Time 50% 75% 90% QS%J 75% 80% 95% 100%
l Less Than or Equal to)
FLOW (mgd)
SKS 1.83 1.95 2.00 2.10 1.95 2.00 2.10 2.61
SPC 0.56 0.64 0.71 0.76 0.64 0.71 0.76 0.79.
COMBINED 2.39 2.59 2.71 2.86 2.59 2.71 2.86 3.40
l CONCENTRATION (mgl) ‘
SKS 66.00  79.00  90.00 114.00| 79.00  90.00 11400  125.00
) SPC 10400  121.00  140.00 146.00 | 121.00 140.00 146.00  183.00
i 1 COMBINED 74.90  89.38 10310 12250 89.38  103.10 12250  138.48
LOADING (Ibs/day, calc)
SKS 1008 1286 1502 1998 1286 1502 1998 2723
} SPC 486 646 830 926 646 830 926 1206
COMBINED 1494 1932 2332 2924 1932 2332 2924 3929
[ LOADING (lbs/day, data) :
SKS 1020 1228 1427 1720 1228 1427 1720 1925
SPC 477 570 673 772 570 673 772 1052
2 COMBINED 1497 1788 2100 2492 1798 2100 2492 2077
43 AMBIENT CONC. (mg/) 0465 0174 0483 0197 | 0165  0.165  0.65  0.465
g
STANDARD (mg/) 0.200 0200  0.200 0200 0.200  0.200  0.200  0.200
REQUIRED DILUTION
TOTAL DILUTION 2134 3430 6053 40768 | 2548 2040 8494 3951
INITIAL DILUTION 395 380 375 370 380 arzs . 370 345
SUBSEQUENT DILUTION 5.4 9.0 164 190.2 6.7 7.8 9.4 11.5
1 REQUIRED DIAMETER OF
4 © |ZONE OF MIXING (feet) 280 480 940 - | . 340 400 500 660
1 ~29-



Table 158 ‘
REQUIRED DIAMETER FOR ZONE OF MIXING
TN - WEAKER STRATIFICATION

CONTINUOUS CONDITIONS PEAK SUPERIMPOSED ON MEDIAN
FREQUENCY (Percent of Time 50% 75% 90% 959 75% 90% 95% 100%:
Less Than or Equal to)
FLOW {mgd)
SKS '1.83 1.95 2,00 2,10 1.95 2.00 2.10 2.61
SPC 0.56 0.64 0.71 0.76 0.64 0.71 0.76 0.79
COMEINED 2.39 259 2.71 2.86 2.59 2.7 2.86 3.40
CONCENTRATION (mg/l)
SKS 66.00 79.00 80.00 114.00 79.00 20.00 114.00 125.00
SPC 104,00 121.00 140.00 146.00 121.00 140.00 146.00 183.00
COMBINED 74.90 B89.38 103.10 122.50 89.38 103.10 122.50 138.48
LOADING (Ibs/day, caic)
SKS 1008 1286 1502 1598 1286 1502 1998 2723
SPC 486 646 830 926 646 830 926 1208
COMBINED 1494 1832 2332 2924 1932 2332 2924 3929
LOADING (ibs/day, data)
8KS 1020 1228 1427 1720 1228 1427 1720 1925
SPC 477 570 673 772 570 673 772 1052
COMBINED 1437 1798 2100 2492 1798 2100 2492 2977
AMBIENT CONC. {mg/) 0.165 0,174 0.183 0.197 0.165 0.165 0.165 0.165
STANDARD (mgh) 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200
REQUIRED DILUTION
TOTAL DILUTION 2134 3430 6053 40768 2548 2940 3494 3951
INITIAL DILUTION 660 640 630 620 640 630 620 585
SUBSEQUENT DILUTION 3.2 54 9.6 65.8 4.0 4.7 5.6 6.8
HEQUIHE[_) DIAMETER OF
ZONE OF MIXING (feot) 160 280 520 ——— 200 220 280 340
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Table 15C A
AEQUIRED DIAMETER FOR ZONE OF MIXING
TP - STRONGER STRATIFICATION

CONTINUOUS CONDITIONS PEAK SUPERIMPOSED ON MEDIAN
FREQUENCY (Percent of Time 50% 758 90% 959 75% 80% 95% 100%
Less Than or Equal to)
FLOW (mgd)
SKS 1.83 1.95 2.00 2.10 1.95 2.00 2.10 2.61
SPC 0.56 0.64 0.71 0.76 0.64 0.71 0.76 0.79
COMBINED - 2.39 259 2.71 2.86 2.59 2.71 2.86 3.40
CONCENTRATION {mgfl)
SKS 8.00 11.00 14.00 16.00 11.00 14.00 16.00 20.00
SPC 34.00 3s8.00 42.00 43.00 38.00 42.00 43.00 48.00
COMBINED 14.09 17.67 21.34 2847 17.67 21.34 23.17 26.51
LOADING (ibs/day, calc)
8KS 122 179 234 280 179 234 280 436
SPC 159 203 245 273 203 249 273 316
COMBINED 281 382 483 553 382 483 553 752
LOADING (Ibs/day, data)
SKs 127 171 230 257 171 230 257 312
SPC 153 188 208 225 188 208 225 267
COMBINED 280 359 438 482 359 438 482 579
AMBIENT CONCL {mg/) 0.021 0.024 0.026 0.027 0.021 0.021 0.021 0.021
STANDARD {mg/) 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030
REQUIRED DILUTION
TOTAL DILUTION 1562 2940 5326 7715 1960 2367 2572 2942
INITIAL BILUTION 395 380 375 370 380 375 370 345
SUBSEQUENT DILUTION 4.0 7.7 14.2 20.9 5.2 6.3 7.0 8.5
REQUIRED DIAMETER OF
ZONE OF MIXING (fool) 200 400 800 1300 280 320 360 A0
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Table 15D
REQUIRED DIAMETER FOR ZONE OF MIXING
TP - WEAKER STRATIFICATION

CONTINUCUS CONDITIONS PEAK SUPERIMPOSED ON MEDIAN
FREQUENCY (Percent of Time 50% 75% 90% QS%J 75% 30% 95%% 100%
L.ess Than or Equai to)
FLOW (mgd)
SKS 1.83 1.95 2.00 2.10 1.85 2.00 2190 2,61
SPC 0.56 0.64 o7 0.76 0.64 0.71 0.76 0.79
COMBINED 2.39 2,59 2.7 2.86 2.59 2.7 2.86 3.40
CONCENTRATION (mgf)
SKS 8.00 11.00 14.00 16.00 11.00 14.00 16.00 20.00
SPC 34.00 38.00 42.00 43.00 38.00 42.00 43.00 48.00
COMBINED 14.09 17.67 21.34 23.17 17.67 21,34 23.47 26.51
LOADING (Ibs/day, calc)
SKS 122 179 234 280 179 234 280 438
SPC 159 203 249 273 203 248 273 316
COMBINED 21 382 483 553 382 483 553 752
LOADING (Ibs/day, data)
SKS 127 171 230 257 171 230 257 312
SPC 153 188 208 225 188 208 225 267
COMBINED 280 359 438 482 359 438 482 579
AMBIENT CONC. (mg/T) 0.021 0.024 0.026 0.027 0.021 0.021 0.021 0.021
STANDARD (mg/} 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030
REQUIRED DILUTION
TOTAL DILUTION 1562 2940 5326 7715 1960 2387 2572 2942
INITIAL DILUTION 660 640 630 620 640 630 620 585
SUBSEQUENT DILUTION 2.4 4.6 85 12.4 3.1 3.8 4.1 5.0
REQUIRED DIAMETER OF )
ZONE OF MIXING (feat) 120 220 460 700 160 180 200 240
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. Loadings are also calculated based on flows and concen-
trations (indicated as "cale"). The results of this
calculation are loadings higher than observed indicating
a weak, and possibly negative, correlation between flow
and concentration. The previously tabulated loadings
(indicated as "data") are used in the following calcula-
tions of the zone of mixing size. This approach corre-
sponds to an assumption of a strong positive correlation
between flow rate and concentration which is an extreme-
ly conservative (worst case) approach.

. Ambient concentrations are based on the predictions of
the wastefield transport model for the area adjacent to
(but not including) the cells representing the immediate
point source (Table 13).

. The required dilution is calculated based on effluent,
ambient, and the desired final (water quality standard)
concentrations using the same relationship given above
for zone of mixing based on initial dilution.

. Injtial dilutions correspond to flows as given in Table

. Required distances for the mixing zone are based on the
required subsequent dilution to meet the water quality
standard and the relationship between distance and subw-
sequent dilution. Subsequent dilution as a function of

distance is in the output from CDIFF given in Appendix
C.

During times of stronger density gradients a zone of mixing allow-
ing a 1300 foot travel distance for the plume would provide for

the worst case condition and allow for future expansion. Mean
loadings could increase by about 70 percent and still be
accommodated by this zone of mixing. During times of stronger

density gradients the plume would remain trapped well below the
surface (see Table 12 and Appendix A). Even if the plume moved
toward shore it would remain submerged and not impact the coral
reef,

During times of weaker density gradients the travel distance of
the plume is much less than for stronger gradient conditions.
This is because the initial dilution will be higher. Based on the
analysis summarized in Tables 15B and 15D it appears that during
times of plume surfacing the water quality standards will be met
before the plume can reach the reef area.
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REBULTE OF ZO0NE OF MIXING ANALYSIS

A conservative estimate of zone of mixing size, based on the above
models and analyses, is as follows:

. For present loading levels, and for average long-term
conditions, a zone of mixing of a size corresponding to
two model cells appears reasonable. However, a larger
size is prudent to account for known variability and
projected future expansion.

. For maximum loading values, a zone of mixing of 1,300
feet in radius (centered on the outfall diffuser) ap-
pears sufficient and provides a reasonable factor of

safety and allows for future increases in median loading
values.,

The zone of mixing is defined above such that at any given time
the concentration within the zone would be above the water quality
standard at the boundary of the zone over less than 1/4 of the
area of the zone. Within most of such a designated zone of mix-
ing, at any given time, the water quality standards would be met.
Thus the actual size, at any time, of the area Where water quality
standards would not be met (an "effective" zone of mixing) is very
small and would involve a fraction of one percent of the volume of
the harbor. However, because the currents are always changing
direction and speed, this "effective" zone of mixing is constantly
moving within the borders of the overall zone of mixing. The de-
velopments presented above, on which the size of the zone of mix-
ing was based, were constructed to be a worst casze scenario. Con-
servative assumptions were used throughout the application of mod-
els, analysis, and data interpretation.

-
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APPLICATION FOR ZONE OF MIXING
for

JOINT CANNERY OUTFALL
PAGO PAGO HARBOR, AMERICAN SAMOA

by

StarKist Samoa, Inc.
and
Samoa Packing Company, Inc.

July 17, 1991

1. DESCRIPTION OF PROPOSED ZONE OF MIXING

StarKist Samoa and Samoa Packing Company discharge treated wastewater from tuna can-
nery operations into the inner part of Pago Pago Harbor adjacent to the cannery operations.
‘The canneries are proposing to construct a single, jointly operated, outfall extending into the
outer portion of the harbor. This will provide significant improvements to the water quality
of the harbor. However, a mixing zone will be required since water quality standards can
not be met at the point of discharge (POD). A short project description.is provided as
Attachment 1 to this application.

1.1 Location of the Requested Zone of Mixing

The requested zone of mixing is located offshore of the eastern shoreline of the harbor be-
tween Anasosopo Point and Ava Point. The center of the diffuser (center of the zone of mixing)
is approximately at Northing 305,100 and Easting 263,700 as shown in Figure 1. This location
may change slightly during final design and construction. However, the center of the mixing
zone will be within the limits for potential diffuser locations shown on Figure 1.

The location of the requested zone of mixing was determined based on a feasibility study
conducted by CH2M HILL,

"Engineering and Environmental Feasibility Evaluation of Waste Disposal Alternatives”. CH2M
Hill, March 1991. Final Report for StarKist Samoa, Inc.

referred to as the Feasibility Study in discussions below. The analyses done during the Fea-
sibility Study indicated a range of potential diffuser locations that would result in compliance
with water quality standards at anticipated discharge conditions and meet other criteria as



discussed below. The location proposed as shown on Figure 1 near the south end of the
area of potential locations was selected based on the following factors:

. Water Quality Standards for Pago Pago Harbor: the allowable loading of
total nitrogen (TN) and total phosphorus (TP) was predicted for locations in
the harbor between the closed end (head) and open end (mouth) of the har-
bor. The allowable loading was considered the loading that would result in
compliance with 1989 Revision of the American Samoa Water Quality
Standards (ASWQS) throughout the harbor (except within the zone of mixing).
As the effluent discharge location is moved from the head of the harbor to-
ward the mouth of the harbor the allowable loadings become higher. Howev-
er, a mixing zone will be required regardless of the loading or location.

. Water Quality Standards for Open Coastal Waters: the standards for open
coastal waters are more restrictive (lower TN and TP concentrations) than for L% . .
within Pago Pago Harbor. In addition the ASWQS prohibit the discharge of
industrial waste into open coastal waters. The open coastal standards there-
fore limit the potential location of cannery effluent discharge. The discharge % ¢
location must be far enough from the mouth of the harbor to allow sufﬂczent >
mixing to occur to keep the mixing zone within the harbor.

. Joint Cannery Loadings: A waste load allocation study has been done for the
American Samoa Government:

A Waste Load Allocation Study for Pago Pago Harbor, American Samoa.
Hydro Resources International, 1989. Report for American Samoa Environmen-
tal protection Agency.

This study indicated that the total allowable TN and TP loadings (total maxi-
mum daily loadings, TMDLs) depended on location of the discharge point.
Wasteload allocations (WLAs) for the individual canneries were also discussed
in the referenced report. For the purpose of locating a discharge point during
the Feasibility Study a total anticipated maximum future loading was used
based on projections and estimates of each cannery. These estimates are
discussed in a Technical Memorandum presenting the details of the mixing
zone determination and geometry prowded as Attachment 2 to this apphcanon
" (referred to as the Mixing Zone TM in discussions below).

° Cost of Construction: The length of the pipeline depends on the location
required for the assumed loading. As described in the Feasibility Study the
cost of the pipeline increases with length. However, the cost per unit length is
not constant and varies with total length, flow rate, pipe material and other
factors.

A careful consideration of each of these factors using available data, new data collected
specifically for the purpose, models and engineering analysis was made to select the location
of the discharge and mixing zone. The background and preliminary findings are presented in
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the Feasibility Study; the methods used to arrive at the final determination of the mixing
zone characteristics are presented in the Mixing Zone TM.

1.2 Dimensions of the Requested Zone of Mixing

The analysis of mixing zone size was based on worst case conditions as described in the
attached Mixing Zone TM which describes technical details of initial dilution calculations,
subsequent and farfield dilutions, and wastefield transport throughout the harbor. This di-
mension requested is bounded by a circle centered on the midpoint of the diffuser 1300 feet in
radius or by the 30 foot contour whichever is closest to the center of the diffuser. A graphical
representation of the requested mixing zone is presented on Figure 1.

The determination of the mixing zone size considered the following factors:

. Initial dilution under expected extremes of density gradients and current
speeds. g

. Trapping levels under expected extremes of density gradients and current
speeds.

. Subsequent (secondary) dilution under expected extremes of dilution, trapping

level, and current speeds.

. Constituent concentration (background) in the receiving water under the worst
case scenario of continuous discharge at the maximum anticipated effluent
loading rates.

Based on the points listed above, the requested mixing zone size is conservative and
designed to accommodate low probability, worst case conditions. At any given time only
about 25 percent of the mixing zone area will actually be utilized (have TN and TP concen-
trations exceeding ASWQS). As wind, tidal, density, and other physical factors vary the
spatial portion of the mixing zone being utilized will change. An even smaller percentage of
the total volume of the mixing zone will be utilized at any given time.

The size of the mixing zone is described as a water surface area and the volume of water
below that area. The reason it is not completely symmetrical is accounted for by the differ-
ence in trapping and non-trapping conditions. When there is a density gradient present the 7
plume will be trapped well below the 30 foot contour and cannot spread past the solid
boundary on the shoreward side of the requested mixing zone. Since the plume will be
trapped below the surface, the reef area will not be impacted by the mixing zone. When the
density gradient is not present or extremely weak, the plume will surface but the initial dilu-
tion will be much higher than for the case of trapping. Since the initial dilution will be high&x
the distance required for mixing to ASWQS will be smaller and the reef area will not be
impacted by the mixing zone.- & awweh.  Guf - Loty e e Jon Sy
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1.3 Historical and Present Water Quality Conditions

Historical water quality conditions are described in a number of references and summarized
in the Use Attainability and Site Specific Criteria Analysis done for the canneries:

"Use Attainability and Site-Specific Criteria Analysis, Pago Pago Harbor, American Samoa".
CH2M HILL, 1991. Final report for StarKist Samoa and Samoa Packing Company, March 15,
1991.

Table 1 is from the report referenced above and summarizes the historical water quality for .
the various portions of Pago Pago Harbor as described in that report. Figure 2 shows the
water quality sampling stations referred to in Table 1.

The initiation of high strength waste segregation and disposal at sea has significantly lowered the
nultrient concentrations in the harbor. This decrease is summarized in Table 2 from data col-
lected by ASEPA for August through December 1990 and by CH2M HILL in November
1990.

1.4 Proposed Alternate Water Quality Standards within Zone of Mixing

Applicant proposed water quality standards within the zone of mixing are described below in
terms of water quality parameters at the end of the pipe (EOP), the edge of the zone of
initial dilution (ZID) and at the edge of the zone of mixing. The applicant proposed stan-
dards are based on existing NPDES permit requirements and the ASWQS (1989 Revision).
The proposed water quality standards are given in Table 3. The term "ambient" as used in Table
3 refers to the prevailing status of water quality in the harbor. This is interpreted to mean that
the cannery discharges will not result in a violation of the water quality standards for the harbor
at the edge of the zone of mixing. In addition the cannery discharges will not increase the levels
(decrease light penetration) above harbor background (at the edge of the zone of mixing) if harbor
water quality standards are not being met as a result of other factors. Any standards not specifi-
cally addressed in this table are proposed to remain the same within the zone of mixing as
currently described for Pago Pago Harbor in the ASWQS.

1.5 Supplementary Information

The American Samoa Environmental Quality Commission (EQC) has been supplied with a
copy of the Feasibility Study and the Use Attainability Study. A short project description
and Mixing Zone TM are attached to this application. It is understood that the EQC has
copies of the other documents referenced in this application. Any additional or supplementary -
information requested by the EQC will, if possible, be supplied in a timely manner by StarKist
Samoa, Samoa Packing Company, or by their consultants CH2M HILL and Makai Ocean Engi-
neering, as directed.

2. CONSISTENCY WITH AMERICAN SAMOA ZONE OF MIXING POLICY

The cannery operations at Pago Pago result in an unavoidable necessity for the discharge of
treated wastewater into the adjacent marine waters. The technically and economically
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Table 2
AVERAGE TN AND TP CONCENTRATIONS
BEFORE AND AFTER HIGH STRENGTH WASTE SEGREGATION

STATION |TOTAL NITROGEN TOTAL PHOSPHORUS
SURFACE DEEP SURFACE
BEFORE | | BEFORE BEFORE
HSWS HSWS HSWS
13 709 724 101
12 693 723 94
11 1046 863 84
11A 1318 1051 113
10 461 323 34
9 503 507 | 57
9A 433 409 | 43
8 383 280 | 34
8A . 266 296 | 29
7 207 191 | 23
6 295 215 | 28
NOTES:  station locations are shown in Figure 3.

Before high strength waste segregation (HSWS) data are averages of measurements between July 1989 and March 1990.
After high strength waste segregation (HSWS) data are averages of measurements between August and December 1990.




Table 3

PROPOSED ALTERNATE WATER QUALITY STANDARDS

for

REQUESTED ZONE OF MIXING

STANDARD DESCRIPTION LOCATION WHERE STANDARD APPLIED:
POD | ZID [ zoM [ HARBOR
Standards for Waters Generally:
24.0207 (a) (1) Objectionable N/A Meets Meets Apply
character (1) Existing Existing Existing
24.0207 (a) (2) Visible - N/A Meets Meets Apply
Floatables (1) Existing Existing Existing
24.0207 (a) (3) Visible N/A Meets Meets "Apply
turbidity (1) Existing Existing Existing
24.0207 (a) (4) Toxic Meets Meets Meets Meets
Substances Existing Existing Existing Existing
24.0207 (a) (5) Fecal Meets Meets Meets Meets
Coliform Existin Existing Existing | Existing
24.0207 (a) (6) Temperature -7 Evels (2) Meets Meets Meets
i Existing Existing Existing
24.0207 (a) (7) Radioactivity “Meets Meets Meets Meets
Existing Existing Existing Existing
24.0207 (a) (8) Toxic (3) Meets (3) Meets Meets Meets
Substances Existing Existing Existing Existing
24.0207 (a) (9) Currents and Meets Meets Meets Meets
Circulation Existing Existing Existing Existing
24.0207 (a) (10) Sedimentation Meets Meets Meets Meets
Existing Existing Existing Existing
24.0207 (a) (11) Salinity N/A (2) Meets Meets Meets
Distribution 2 Existing Existing Existing * <
24.0207 (a) (12) Residual Meets Meets Meets Meets /‘vj;}ij\
Chlorine Existing Existing Existing Existing | :
Standards for Pago Pago Harbor: 5 _,«-//"{/ ({1’ s
24.0207 (c) (1) Turbidity . Apply )
Existing 0
24.0207 (c) (2) Total Apply
Phosphorus Existing o
24.0207 (c) (3) Total Apply
Nitrogen Existing _|— ,w !
24.0207 (c) (4) Chlorophyll-a
Existing
24.0207 (0) (5) Light Apply LA
Penetration {4 isting | } '%M
24.0207 (c) (6) Dissolved N/A (2) Meets Meets Meets - S é’g ’
Oxygen ) Existing Existing Existing = }&‘
24.0207 (©) (M pH Meets Meets Meets Meets a} /gj;
Existing Existing Existing Existing G,R-z_o N
NOTES:

POD = Point of Discharge (at diffuser port)
ZID = Edge of Zone of Initial Dilution (equal to water depth)
ZOM = Edge of Zone of Mixing (as requested in application)

(1
@
3

(5) Standard applied to edge of ZID and ZOM.

10

End of pipe in 180 feet of water and high initial dilution in ZID.
Difference at edge of ZID will be undetectable from ambient.
No toxic substances above standards have been identified.
(4) Will meet ambient at edge of ZOM. Will not cause violationiout_s'@ of ZOM.

— (w /"6’3 gww‘ﬁfﬂ



feasible alternatives for wastewater treatment and disposal have been identified and are
being presently implemented or are proposed for implementation. Present procedures in-
clude primary treatment by means of dissolved air flotation (DAF) with chemical precipita-
tion and high strength waste segregation. DAF sludge and high strength wastes are trans-
ported to sea and dumped at a United States Environmental Protection Agency (USEPA)
permitted site. Studies have indicated that overall water quality of Pago Pago Harbor can
be further improved by the proposed relocation of the cannery wastewater discharge closer
to the seaward end of the harbor. '

The procedures described above comprise the technically and economically feasible suite of
activities to reduce the impacts of wastewater on the water quality of Pago Pago Harbor.
However, it is not feasible to achieve an effluent quality that meets ASWQS at the POD. -
This application requests the American Samoa Environmental Quality Commission (EQC) to
permit a "zone of mixing", based on Section 24.0208 of the 1989 Revised ASWQS, within
which alternate water quality standards will apply.

The principal constituents of concern are total nitrogen (TN) and total phosphorus (TP).
‘The zone of mixing required for TN and TP will be sufficient to accommodate all other con-
stituents and variables for which water quality standards are described for Pago Pago Har-
bor. The analyses refered to in this application indicate that all applicable water quality
standards will be met at the boundary of the zone of mixing.

Based on the studies referenced in this application addressing alternative treatment and
disposal alternatives, it is concluded that the creation of a zone of mixing is the only means
of achieving compliance with ASWQS for the cannery wastewater discharge. All other prac-
ticable means of waste treatment and disposal have been implemented and are in place.
The smallest possible zone of mixing can be achieved by continuing the presently implement-
ed waste treatment and disposal methods and construction of a new outfall with a multiport
diffuser discharging approximately 7000 feet seaward (along the centerline) of the present
outfall termination. '

3. CONSISTENCY WITH AMERICAN SAMOA ZONE OF MIXING CmTERIA

The criteria that must be met for EQC to grant a zone of mixing have been met as demon-
strated by: material presented in this application, supporting material submitted with this
application, or material included with the application by means of reference and citation.
The satisfaction of these criteria is described below. All material included by reference and .
citation is readily available. Any material included in this application by reference and cita-
tion will be supplied to EQC on request.

3.1 Public Interest

The operation of the canneries and the improvement of water quality in Pago Pago Harbor
are both clearly in the public interest. The canneries provide a significant portion of the
econormic base of American Samoa and account for nearly 90 percent of the private sector
employment as described in the Use Attainability and Site-Specific Criteria Analysis. The

11



improvement of the water quality of the harbor is important for enhancing and encouraging
the tourism segment of the local economy. Improved water quality in the harbor also en-
hances the quality of life the citizens of American Samoa and the ecological health of the
harbor.

The discharge of wastewater is necessary for the continued operation of the canneries. It is
not feasible for the cannery discharge to meet ASWQS at the point of discharge (POD). In
order for the canneries to continue operations a zone of mixing is required. Granting a zone
of mixing for a relocated outfall will allow continued operation of the canneries as well as
provide a significant improvement to the present water quality-standards:.

32 H th and | b o 2
2 Human Health and Safety L W/BML N, fba

The existing discharge contains no|toxic br hazardous constituents and does not pose a direct
or substantial threat to human health and safety. The primary constituents of concern are
nutrients as characterized by TN and TP. These nutrients, at elevated levels, can potentially
degrade the ecology of the harbor, but do not pose a threat to human inhabitants on the
shore. The granting of a zone of mixing, in conjunction with the relocation of the outfall and
addition of a diffuser, will result in more dilute effluent at the zone of initial dilution (ZID)
and lower concentrations of nutrients throughout the harbor. No increased threat to human
health or safety will result.

3.3 Impacts of Compliance at POD

Compliance with the water quality standards at the point of discharge would require that
effluent concentrations be reduced by a factor of over 1000. This is not economically or
technically feasible. Conformance to the standards at the POD would force the canneries to
cease operations or modify operations in a manner that would significantly reduce their
economic benefit to American Samoa. Extension of the outfall and permitting of a mixing
zone will improve water quality and allow continued operation of the canneriés.

3.4 Disruption of Marine Ecology

The relocation of the point of discharge from the present inner harbor location to the outer
harbor area will result in an overall reduction of effluent constituent concentrations through-
out the harbor. The use of a multiport diffuser will result in the reduction of concentrations
at the edge of the ZID compared to present conditions. The location of. the diffuser in
deeper water will result in the effluent plume being trapped well below the surface much of
the time. All of these factors will enhance the environmental conditions in Pago Pago
Harbor. Nutrient levels will be lower. The contribution of cannery discharges to turbidity
levels, particularly in the upper layers of the water column, will be lower. The overall effect
will be an improvement in environmental conditions compared to the present conditions.
The marine ecological system throughout the harbor will not be disrupted by the
establishment of a zone of mixing as requested.

12
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3.5.1 Location

The zone of mixing proposed does not extend within 500 feet of Goat Island Point at
the surface or any depth within the water column beneath the surface area within 500
feet of Goat Island Point and would be in compliance with Section 24.0206 (©) 2)
(C) of the ASWQS.

3.5.2 Constituents

The zone of mixing proposed is based on compliance with TN and TP standards. A
zone of mixing applicable to those _C_Q@ will be sufficient to provide for
temperature as well. Other water quality standards will be met within the requested
zone of mixing (e.g. pH, fecal coliform) or will be managed by reducing nutrient
levels throughout the harbor (e.g. light penetration, chlorophyll-a, turbidity).

It is noted that it is difficult to relate light penetration, tubidity, or chlorophyll-a to
nutrient discharges from the canneries. These parameters are affected by many other
man made and natural factors. The analyses presented indicate that the relocation of
the outfall, the use of a diffuser at depth, and the establishment of a mixing zone will
have a beneficial impact on the levels of these parameters throughout the harbor.

3.5.3 Alternative Within-Zone Limits

This mixing zone application indicates the effluent POD concentrations and the edge
of the ZID concentrations by which concentration levels can be specified for within
the zone of mixing (Table 3).

3.5.4 Limits for Toxic Substances

Based on data submitted under the canneries toxic substance monitoring program (as
an NPDES permit requirement), no toxic substance have been identified in the
effluent and standards for such substances are not considered in this zone of mixing
application.

3.6 Standards Within a Zone of Mixing

3.6.1 Color, Odor, and Taste

In the proposed location and at the proposed depth the effluent plume will be highly
diluted and generally remain below the surface. During times of weak density
gradient the plume may reach the surface but dilutions will increase substantially.
These conditions will result in a situation that prevents objectionable color, odor, or
taste in the water or in the biota within the mixing zone.

13
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3.6.2 Floating Material

The effluent is presently subjected to primary treatment and high strength waste
segregation. The resultant sludge and high strength wastes are barged and disposed
of outside of the harbor. In addition the plume will be submerged andfor highly
diluted. Therefore, the mixing zone will be substantially free of visible floating
materials grease oil, scum, and foam.

3.6.3 Turbidity and Sedimentation

The conditions of the effluent plume and outfall location described above will prevent
the formation of visible turbidity or materitls that will settle to form objectionable
deposits.

3.6.4 Toxic materials

The effluent has no identified toxic substances. The high initial dilution of the plume
and its trapping well below the surface will prevent high nutrient concentrations that
would produce undesired plankton blooms or other undesirable aquatic life.

3.7 Water Quality Standards outside the Zone of Mixing
3.7.1 Compliance with Protected and Prohibited Uses

The proposed discharge will not violate the standards and conditions specified for
protected uses [24.0206 (c)]. Table 4 summarizes the impact of the project on
protected uses and the compliance with prohibited uses. The only impacts will be
temporary inconveniences to harbor traffic during construction and potential minor
adjustments to anchorage practices. The overall impact of the proposed outfall
relocation, diffuser configuration, and establishment of a zone of mixing will be an
improvement of water quality -standards throughout the harbor while allowing the
canneries to continue operations.

3.7.2 Compliance with Water Quality Standards
The proposed zone of mixing will not result in a violation of the ASWQS Section
26.0207 provisions outside the mixing zone. The net result of the outfall relocation,

the use of a multiport diffuser at depth, and the establishment of a zone of mixing
will be an improvement of water quality standards throughout the harbor.

14



Table 4

{ COMPLIANCE WITH PROTECTED AND PROHIBITED USES

SECTION 24.0206 (c)(2)(A) AND (B)

(A) | PROTECTED USES IMPACT OF PROJECT
I Recreational and subsistence fishing Potential improvement by
improved water quality
I Boat-launching ramps and designated (see IX below) .
[ mooring areas I
I Subsistence food gathering, e.g. shell- | Potential improvement by
fish pathering improved water quality l
v Aesthetic enjoyment
v Whole and limited body-contact recre-
ation, e.g. swimming, snorkeling, scuba
diving
VI Support and propagation of
marine life
VII Industrial water supply
VII | Mari-culture development
X Normal harbor activities; e.g. ship Temporary impact during
movments, docking, (un)loading, construction (no major inter-
marine railways, and floating drydocks | ference). Minor changes in
anchorage operations.
X Scientific investigations Potential improvement by
improved water quality
(B) | PROHIBITED USES COMPLIANCE
1 i
I Dumping or discharge of solid waste In compliance (no activity of
) . this kind)
I Animal pens over or adjacent to any
shoreline (25.1604 ASCA)
I Dredging and filling activities; except
as approved by EQC in accordance
with the Environmental Quality Act
(Title 24, ASCA)
v Hazardous and radioactive waste
discharges
Vv Discharge of oil sludge, oil refuse, fuel
oil, or bilge water, or any other waste
water from any vessel or unpermitted
shoreside facility (20.1714 ASCA)

15



3.8 Additional Considerations
3.8.1 Protected Uses

The establishment of a zone of mixing will not adversely impact any of the 10
protected uses for Pago Pago Harbor listed in the ASWQS. Protected uses will be
maintained (Table 4). The establishment of a mixing zone as describe in this
application will improve water quality conditions and therefore improve
environmental conditions for most of the protected uses specified for Pago Pago
Harbor.

3.8.2 Existing Conditions

The establishment of a zone of mixing will have short and long term beneficial
impacts on existing conditions because of improved water quality (improved nutrient
concentrations) throughout the harbor,

3.8.3 Character of the Effluent

The effluent at POD will be essentially the same as it is now. The effluent plume will
be more dilute at the edge of the ZID. The effluent plume will meet water quality
standards at the edge of the zone of mixing. The effluent is not toxic and its primary
characteristic is high TN and TP concentrations.

3.8.4 Outfall and Diffuser Design

The outfall design parameters important to final water quality considerations are
location and diffuser configuration. The location of the outfall and general
configuration of the diffuser resulted from the Feasibility Study of alternative
locations and configurations. A final analysis of the joint cannery outfall location and
diffuser configuration is provided in the supporting technical memorandum attached
to this application.

3.8.5 Other Policies, Plans, Agencies

Section 7 coordination with USFWS and NMFS has been initiated. Section 106
coordination with the Territorial Archaeologist has been initiated. The American
Samoa Coastal Management Program, the American Samoa Environmental
Protection Agency, the Environmental Quality Commission, the U.S. Environmental
Protection Agency, and the US. Corps of Engineers are being consulted and
appropriate permits are being applied for. The Review Agencies of the Project
Notification and Review System have provided guidance in the permitting
requirements for the construction and use of the outfall and in obtaining approval for
the mixing zone. No other policies, plans, or agencies have been identified with
direct substantial interest in this application.
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4. CONSISTENCY WITH APPLICATION PROCEDURES FOR MIXING ZONE

The ASWQS (Section 24.0208) describes the procedures required to apply for a zone of
mixing. This application has complied with those requirements and recognizes the
restrictions on the requested zone of mixing stated in Section 24.0208. In addition this
application complies with the requirements of the Project Notification and Review System as
stated in a letter dated 27 December, 1990 (Lelei Peau to David Simpson).

4.1 Required Description

Section 1 of this application contains a description of the historical and present water quality
conditions. The comparison of present conditions is made by reference to the Use -
Attainability and Site-Specific Criteria Analysis. The proposed alternate water quality
standards, including a description of the requested mixing zone, are contained in Section 1 of
this application, the attached Mixing Zone Technical Memorandum, and other referenced
documents. :

4.2 Supporting Information

The intent of this application is to supply, directly or by reference, all information required
to review and act on the request for a mixing zone. Additional data required will be
provided on request.

4.3 Conditions on the Zone of Mixing

This application for a zone of mixing is made with the understanding that the requirements
and time periods of Section 24.0208 (c) (3) will apply:

4.3.1 Grounds for Granting a Mixing Zone

This application for a mixing zone is based on the grounds that it is technically and
economically not feasible to otherwise conform to water quality standards in Pago
Pago Harbor. A thorough review of the known and available means of otherwise
conforming to the water quality standards has been made as described in the
Feasibility Study, the Wasteload Allocation Study, the Joint Cannery Studies, and the
Wastewater Treatment Evaluation Study. The first two of these studies are
referenced above. The latter are:

Joint Study of Fish Cannery Wastewater Effluent Loading Reduction at Pago Pago
Harbor, American Samoa". CH2M HILL, 1984. Draft Phase 1 Report to American
Samoa Government, Ralston Purina Company, and StarKist Foods, Inc., November
1984,

Joint Study of Fish Cannery Wastewater Effluent Loading Reduction at Pago Pago
Harbor, American Samoa". CH2M HILL, 1987. Draft Phase 2 Report to American
Samoa Government, Ralston Purina Company, and StarKist Foods, Inc., June 1987,

F "Wastewater Treatment System Evaluation". CH2M HILL, 1991. Report to Samo a7
Packing Company, June 1991. e = e s .
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Theses studies indicate that high strength waste segregation and outfall relocation
with a multiport diffuser are the most feasible and practical ways of reducing the
impact of cannery discharge on water quality. High strength waste segregation has
been instituted and this mixing zone application is in conjunction with the outfall
relocation.

43.2 Period of Zone of Mixing Permit

It is understood that the permit for the zone of mixing will be concurrent with an
NPDES permit and be for a period of five years, unless a longer permit is granted..

4.3.3 Sampling and Testing

It is understood that EQC will require effluent and receiving water sampling and
testing and other requirements may be specified as a condition of the zone of mixing .
permit.

4.3.4 Renewal of the Zone of Mixing

It is understood that the zone of mixing may be renewed if all conditions of the
previous zone of mixing have been met, an application for renewal is filed, and such
application is made at least 120 days prior to the expiration of the current zone of
mixing permit.

4.3.5 Conditions for Termination

It is understood that the zone of mixing may be terminated, after a hearing held by
EQC, for the reasons and under the conditions described in ASWQS Section 24.0208

() (3) (B).
43.6 Expiration

It is understood that the zonme of mixing shall terminate at the end of the period
stated for the zone of mixing unless a renewal application has been made. If a
renewal application is made the zone of mixing will continue until the renewal has
been approved or denied.

43.7 Compliance with Zone of Mixing Conditions

It is understood that compliance with the zone of mixing conditions will include the
condition that water quality standards in the adjacent waters will be met under the
worst case receiving-water mixing and transport conditions. The zone of mixing
proposed in Section 1 above was determined under worst case conditions.
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4.3.8 Impacts to Coral Reef

The zone of mixing was designed to prevent impacts to the coral reef areas as
described in Section 1 above, the attachments to this application, and the material
referenced in this application.

43.9 Temporary Withdrawal

It is understood that in an emergency the zone of mixing can be temporarily
withdrawn. It is requested that the procedures to be used in such an emergency be
specified in the zone of mixing permit.

4.3.10 USEPA Approval

This zone of mixing application is being sent to the USEPA, Region IX, Office of
Pacific Island and Native American Programs, concurrent with submission to EQC.
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ATTACHMENT 1

SHORT PROJECT DESCRIPTION

A more detailed project description and be found in the
Draft Environmental Impact Assessment for Joint Cannery Outfall Project,
Pago Pago Harbor, American Samoa (CH2M HILL, August 1991)



MEMORANDUM CHMHILL

TO: File

COPIES: Norman Wei/Starkist Seafood Company
James Cox/Van Camp Seafood Company
Andrew Resnick/Makai Ocean Engineering
Sheila Wiegman/ASEPA

FROM: Steve Costa/CH2M HILL

DATE: July 15, 1991
(Figures 2, 3 and 4 revised 7 August 1991)

SUBJECT: Brief Description of Joint Cannery Outfall Project

PROJECT: PDX30702.PA

JOINT CANNERY OUTFALL PROJECT DESCRIPTION

‘The proposed joint cannery outfall replaces two existing outfalls for StarKist Samoa, Inc. and
Samoa Packing Company located in Pago Pago Harbor, American Samoa (Figure 1). The
joint cannery outfall diffuser will be located approximately 7,000 feet seaward from the existing
outfalls. The proposed outfall pipeline is a 16-inch diameter high density polyethylene pipe
that would carry wastewater from the cannery operations. The proposed pipeline route is
indicated on Figure 2. A more detailed description and analysis of the pipeline route and
alternatives is included in the Environmental Impact Assessment for the project. The outfall
pipeline will originate on land at the same location as the existing cannery outfalls. The can-
nery pumping stations will be retrofitted or replaced to accommodate the longer outfall pipe-
line.

The proposed pipeline will be attached to an existing dock and enter the harbor at the termi-
nus of the dock fronting the canneries (Figure 3). The pipeline will be placed on the bottom
of the harbor from a barge. No trenching or burial will be done. Where the pipeline crosses
the entrance to the Trading Point cove, in water depths of 40 to 65 feet, it will be covered
with pre-cast concrete sections or tremie poured concrete into preset forms for protection
from boat anchors.

From Trading Point seaward the pipeline will be placed approximately parallel to the coral
reef in water depths between 65 and 180 feet. The pipeline will follow along the coral reef
easterly between Trading Point and the Pago Pago Harbor navigation range line (Figure 2).
The pipeline will then approximately follow the harbor navigation range line until reaching the
diffuser area between Ava Point and Anasosopo Point.



Costa to File
Page 2 / 15 July 91 (revised 7 Aug 91)
PDX30702.PA

The pipeline will terminate offshore of the coral reef in about 180 feet of water. The diffuser
will be located east of the Pago Pago navigation range line to avoid interference with an an-
chorage designated by the harbor master. The diffuser will have 4-inch to 6-inch diameter
ports, spaced between 35 to 50 feet apart. An example of the diffuser structure is shown on
Figure 4. The precise number of ports will be determined in the final mixing zone analysis for
the project.

The pipeline will be anchored to the bottom in some locations with an anchoring pin system
secured by chains or other mechanical attachments to facilitate laying the pipe at the correct
depth and angle. Along steep relief portions of the pipeline alignment anchor pins will be
attached to the coral by the use of holes drilled into the coral. Epoxy will be injected into the
holes to secure the anchor pin positioning. Anchoring will also be necessary at bends in the
pipeline route such as in the area where the pipeline turns south near the Harbor navigation
range line.

The pipeline construction will require the use of about two acres of land for mobilization and
staging activity. Land availability is limited along the shoreline of Pago Pago Harbor. The
construction is expected to take 3 to 4 months. A construction staging area is proposed in a
limited portion of Pago Pago Park near Malaeoletalu Field. The flat open area located next
to Laclao Stream and Pago Pago Harbor (Figure 5) would meet mobilization and staging
requirements.

Mobilization activity will involve the transport of pipe materials, collar weights, and welding
equipment to the site. Truck access through the park will be required and existing roads will
be used whenever possible. After completion of the mobilization activity the park grounds will
be returned to original condition and re-vegetated as necessary. Minor grading may be re-
quired in preparation of the site but soil loss will not present a problem. "All construction
materials will be removed at the time of project completion.

During construction staging the 40-foot pipe sections would be joined into longer sections and
collar weights installed. The land-side mobilization will maximize the length of the pipe sec-
tions. The long pipe sections could then be pulled into the water using a temporary ramp to
protect and traverse the shoreline. The long pipe sections may be stored in the water on a
temporary basis while awaiting placement. The pipe sections would be flooded for sinking and
either joined up from a boat or on the bottom by divers.
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FIGURE 1
JOINT CANNERY OUTFALL
GENERAL LOCATION



IS ol A N
* " ! _m»N:S::N:m.Hw.: :..w_w.:__:.;-..—." ! o”...w it uwr-.ek.
[ Iy ot i oic O 0! .wx. "
.- o L . 9o Rem-u v

5 .c\... o -44.11
5 * ALN0OH ININ3dId o o o
| - AHINNYO INIOP - T

, o we [ o'
T ¢ 34noId ” T
i . UM e §

' “w ' .”.nm .
= " * LN )
S Dt o

_— —— PRy \
” (5 W
% 4o — &
et A o y
¢ R e
[ PN
LI T DO o
M 2 -
i
L} ¢‘¢c_:_=h®f
........... T =
©
11 et
dyirie pog o sy S
e JT*E. J::\w\..“&
: LRy Hy) WO BRSO .M_u_,.\ﬁ.on\tww. -
. UIFD 1Ty IO MR O UCHATGRUSDY KOTIR L LN oo IR .
3 1PN ANDIMDYI CuenIdMEe OF 1D Bunvdy VA4 e 1, ¥ e ah..s_,z
. A w0 DI0RK URRG TARY SAGOM N 1PN e -
,_ SHOLOTAAE WYy \ e o )
V HALYM MOT NYER LV i O ¥ ia i
o SWOHLYA NI SONIANAOS ° O ©
wnivg ezst wespewy wuoy cvruneg. NQILVOOTT HASNAAIAY 28,
L1599 19 000'STHT #1998 e T

o=
\u“'f/\&www\\% & N\MP;

et e ALYNIXOU DY <
HOdUVH 09Vd 09Vd 7

"o /. NOISSHSSOd STLVLS QALINA N e -~

3¢ )y ) ANVIST VIIOLAL /@\ el B Wi
2\, sanvst vonvs AT 2 N e % T ST L I e

o NYEDQ DIV Vo LT , N S e e BN . -

wzﬁwn._.E i,
:_Scﬂoz SO1Z WHG, “oE

i S SIEAN =gy

S 5
r ;
F, % % by () XYL

oUW g1 PR it TN 53 Of 0 o s “IN0u 1 B L) P PP W 4 1RO U4 Pl 09 LS o] il

921 "DROION Japyp BIBUTES CARIAA "I WRIAY LO 2010 Bl BB (ysn Auk U1} und SOURID L0 WP J6 Wiod suo wdwd 'QF3dY Puy OF

N N AL CLAN RIS S e
(I M| i

o or wof ® H L L I T
m ATVIS Q3345 DIWHLRIYOOT
sout wva cay
[ AT
Y

IR LT ]




TIHWHO Yd'20£0€XAd

INIOd DNIQVHL S0 ALINIDIA NI
31N0YH ININ3dId AHINNVD LNIOP

€ mm:@._u_ 08¢ =l FIVOS

oovd

ooVv?e
gy ™ NOILO3S INIT3dId

x

SAHINNYD

NOILOZS
INIM3did a3iENANN

Ld O9NIOvyy \M\.U
-Hﬂl\\.

b4




H3SNA4IQ TIV41LNO0 40 J1dWVX3

¥ 3dnoid
TVOIdAL H3INID NO
"B} 0¥-SE€ SLHDIEM TLIHONOD
B O0v-GE
VOIdAL HIUINID NO

"B 0S LV S3AIS DNILYNYI LY
NO SiHOd H313WVIQ you §

‘¥ 0S

HasN3did

J7v0S OL LON

BETN G E



Y34V DNIDYLS NOLLONHLSNOD MHVd 0DVd O9DVd
§3dNoId

N == P ¥y IV TN D
> R— = -
<N /.#flﬁf ﬂ.....‘a'lﬂ O K %

S AN i e & Q o
; * 11111 ] . !ll.d...l.\\\ld\l\.lWWv/ Qq\ OO"" ww \\\ ‘
N0 ; SN oid _,
§9 %S Zup_ﬁwu g \ //.X\Qmm. XQM\ .ﬂw O 4
R co¥ \\ RN~ & B O’ .
w.._.EDOO SINN3IL

HOgHYH 09vd ODvd

e 38

- 4
ﬂ-ﬂ.-y\-u-.—.m:.:.:.:...-::.-.:..-.‘ll.f.l.l-:.,n. ﬂ.:qﬂ.ﬂm ----- =t ITLC
el

— . X
& ls‘\vﬂ‘[ B e ﬁ Q ' v
V3HVY DONIDVLS a3S0d0Hd

XB'¢ -
§F ) Z4
A.u NY3HIS OVI0V1 e~ STY I.,..I .
- - * M % U X d
NOLLYDOT B3
dNVH %m ST i . @ﬁ&b’x&two © \~ .D D\ <
AHYHOdWIL O5 = X L1 o 00 7,
=X z - | : . 0TS/
. m M ._q.. —ul.X gﬂm@ﬁv}x\glﬁomuu_ r;../_ﬁ .
- r oA ' v
/Ax.ll

. .,’{N . £
ety g
ves 1
---------

ﬁﬁﬁﬁﬁﬁ

Ly
/
/ o~ 25 1
% - ﬂ««wg’ &

g
o




ATTACHMENT 2

TECHNICAL MEMORANDUM
SITE-SPECIFIC MIXING ZONE DETERMINATION FOR
THE JOINT CANNERY OUTFALL PROJECT
PAGO PAGO HARBOR, AMERICAN SAMOA

(This memorandum will be forwarded separately by 19 August 1991)

The purpose of this technical memorandum is to provide technical documentation for the
zone of mixing application for the joint cannery outfall. The technical approach and
preliminary analyses were done for the Engineering and Environmental Feasibility Evaluation
of Waste Disposal Alternatives (CH2M HILL 1991). This technical memorandum presents a
review the methodology developed during the Feasibility Study and addresses additional
information and model results that were developed for the discharge location and diffuser
configuration selected during final design. The dimensions and location of the mixing zone
are substantially the same as described in the Feasibility Study report.



ENDGATE

NOT TO SCALE

DIFFUSER

o) 5 inch DIAMETER PORTS ON
e ALTERNATING SIDES AT 50 ft.
) ON CENTER TYPICAL
>
: | 35-40 ft.
CONCRETE WEIGHTS 35-40 ft.
ON CENTER TYPICAL
FIGURE 4

EXAMPLE OF OUTFALL DIFFUSER



ATTACHMENT 2

TECHNICAL MEMORANDUM
SITE-SPECIFIC MIXING ZONE DETERMINATION FOR
THE JOINT CANNERY OUTFALL PROJECT
PAGO PAGO HARBOR, AMERICAN SAMOA

(This memorandum will be forwarded separately by 19 August 1991) - -

The purpose of this technical memorandum is to provide technical documentation for the
zone of mixing application for the joint cannery outfall. The technical approach and
preliminary analyses were done for the Engineering and Environmental Feasibility Evaluation
of Waste Disposal Alternatives (CH2ZM HILL 1991). This technical memorandum presents a
review the methodology developed during the Feasibility Study and addresses additional
information and model results that were developed for the discharge location and diffuser
configuration selected during final design. The dimensions and location of the mixing zone
are substantially the same as described in the Feasibility Study. report.



ATTACHMENT 3

LETTERS OF AUTHORIZATION OF THE APPLICANTS’ AGENT



+ R 1

Starl(lxst SeaFOOd companv 180 East Ocean Boulevard

tong Beach, California 80802-4797
Telephone: 213-590-9900

An Affiliate of H.J. Heinz Company

\Heinz,

June 26, 1991

To whom it may concern; :

On behalf of StarKist Samoa, Inc. I hereby designate and authorize
CH2ZM HILL, and CH2M HILL's project manager STEVEN L. COSTA, to
submit permit applications for the American Samca Joint Cannery
Outfall project and to furnish supplemental information in support
of the application.

S:/?ééely,

Norman Wei

Senior Manager
Environmental Engineering
StarKist Seafood Company
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RECE\VED
JuL -1 1991

CH2M-HILL
S AN FRANGISCO

June 26, 1991

TO WHOM IT MAY CONCERN:

on behalf of Samoa Packing Company; I hereby designate
and authorize CH2M HILL, and CH2M HILL's project manager
STEVEN L. COSTA, to submit permit applications for the American
Samoa Joint Cannery Outfall project and to furnish supplemental
information in support of the application.

Sincerely,

Do 7

James L. Cox, Director
Engineering and Environmental Affairs

JLC:ms

4510 Executive Drive, Suite 300 San Diego, CA 92121-3028
Phane: (A19) 558-9662 FAX: {818 507-4282



	Wastefield Transport Studies 1
	Wastefield Transport Studies 2

